Substance Use and Substance Use Disorders Associated With Military Deployment to Afghanistan: Who Is at Risk? by Trautmann, Sebastian
 
Substance Use and Substance Use Disorders Associated With Military Deployment 
to Afghanistan: Who Is at Risk? 
 
 
DISSERTATION 
 
 
zur Erlangung des akademischen Grades 
Doctor rerum naturalium 
(Dr. rer. nat.) 
 
 
vorgelegt 
der Fakultät Mathematik und Naturwissenschaften 
der Technischen Universität Dresden 
 
 
von 
Dipl.-Psych. Sebastian Trautmann 
geboren am 27.06.1983 in Herzberg/Elster 
 
 
eingereicht am 29. Januar 2015 
 
Die Dissertation wurde in der Zeit von Oktober 2011 bis Januar 2015 am Institut für Klinische 
Psychologie und Psychotherapie der Technischen Universität Dresden angefertigt.
Danksagung 
Danksagung 
 
An dieser Stelle möchte ich mich bei einer Reihe von Personen bedanken, die mich in meiner 
Promotionszeit begleitet und diese Dissertationsschrift ermöglicht haben. Vor allem aber danke ich 
diesen Personen, da sie einen maßgeblichen Anteil daran haben, dass ich in den letzten vier Jahren 
einer unglaublich erfüllenden Arbeit nachgehen konnte und weiter mit Begeisterung nachgehen 
werde. 
Zunächst möchte ich Hans-Ulrich Wittchen danken: für die Möglichkeit einer Promotion, für seine 
Unterstützung und Förderung, seine kritischen aber stets hilfreichen Rückmeldungen, vor allem aber 
für sein Vertrauen, welches mir ermöglichte, selbständig, verantwortungsvoll und mit Freude zu 
arbeiten. 
Mein ganz besonderer Dank gilt Silke Behrendt, die mich während der gesamten Promotionszeit 
exzellent betreut hat. Ihre Hilfe bei allen fachlichen Fragen sowie ihre kritischen Rückmeldungen 
haben maßgeblich zum Gelingen dieser Arbeit beigetragen. Ebenso danken möchte ich auch Sabine 
Schönfeld für ihre Unterstützung und hilfreichen Rückmeldungen. 
Ich möchte darüber hinaus allen Mitarbeitern der Studie danken, darunter vor allem Anke Heinrich, 
Christin Thurau, Michaela Galle und Kathleen Mark. Sie haben in aufwändiger Arbeit das Gelingen der 
Studie und damit auch die Anfertigung dieser Arbeit erst ermöglicht. Dies gilt auch für Peter 
Zimmermann und seine Kollegen aus dem Psychotraumazentrum des Bundeswehrkrankenhauses in 
Berlin, denen ich für die gute Zusammenarbeit danke. Auch danken möchte ich Michael Höfler, Jens 
Strehle, Jens Klotsche, Susanne Knappe, Samia Härtling, Anna Träder, Eva Asselmann, Katja 
Beesdo-Baum, Gesine Wieder, Johanna Petzoldt, Romane Raabe, Karina Bley, Regine Schwartz, 
Nina Maslowski und allen anderen ehemaligen und aktuellen Kollegen des Instituts, die als Begleiter 
und stete Ansprechpartner sehr wertvoll waren. 
Zuletzt und vor allen Dingen möchte ich denjenigen Menschen in meinem privaten Umfeld danken, die 
mir so unendlich wichtig sind. 
Hinweise zur vorliegenden Dissertationsschrift 
Hinweise zur vorliegenden Dissertationsschrift 
 
Bei der vorliegenden Arbeit handelt es sich um eine publikationsbasierte Dissertationsschrift, welche 
gemäß § 8 (1) der Promotionsordnung der Technischen Universität Dresden als abgeschlossene 
Einzelarbeit verfasst wurde. Die Arbeit ist in englischer Sprache verfasst, wobei eine 
Zusammenfassung in deutscher Sprache vorangestellt ist. Teile der Arbeit sind als eigenständige 
Publikationen veröffentlicht. Die vorliegende Dissertationsschrift enthält die folgenden Publikationen: 
 
 
Trautmann, S., Schönfeld, S., Behrendt, S., Höfler, M., Zimmermann, P., Wittchen, H.-U. (2014). 
Substance use and substance use disorders in recently deployed and never deployed soldiers. Drug 
and Alcohol Dependence, 134, 128-135. (IF 2013: 3.278) 
 
Trautmann, S., Schönfeld, S., Behrendt, S., Heinrich, A., Höfler, M., Siegel, S., Zimmermann, P., 
Wittchen, H.-U. (2015). Predictors of changes in daily alcohol consumption in the aftermath of military 
deployment. Drug and Alcohol Dependence, 147, 175-182. (IF 2013: 3.278) 
 
Trautmann, S., Schönfeld, S., Behrendt, S., Schäfer, J., Höfler, M., Zimmermann, P., Wittchen, H.-U. 
(2015). Associations between lifetime PTSD symptoms and current substance use disorders using a 
five-factor model of PTSD. Journal of Anxiety Disorders, 29, 93-100. (IF 2013: 3.042) 
 
Trautmann, S., Schönfeld, S., Behrendt, S., Heinrich, A., Höfler, M., Siegel, S., Zimmermann, P., 
Wittchen, H.-U. (2015). Stress exposure and the risk for the onset of alcohol use disorders and 
nicotine dependence: The role of prior internalizing disorders. Addictive Behaviors, 43, 89-96.  
(IF 2013: 2.441) 
 
 
Die Eigenanteile an diesen Publikationen sind im Anhang kenntlich gemacht. Zur besseren Lesbarkeit 
wurden die Gliederungspunkte, Tabellen und Abbildungen fortlaufend nummeriert, die Referenzstile 
vereinheitlicht und alle Referenzen in einem gemeinsamen Literaturverzeichnis am Ende der Arbeit 
zusammengefasst.
Content  4 
Content 
 
Zusammenfassung 10 
Summary 13 
0  Preface 15 
1  General introduction 16 
1.1  Substance use and substance use disorders 16 
1.2  Stressful experiences 23 
1.3  Stressful experiences and substance use in deployed military personnel 28 
2  Aims 34 
3  Methods 36 
3.1  Design 36 
3.2  Sampling 37 
3.3  Study instruments 38 
4  Substance use and substance use disorders in recently deployed and never deployed 
soldiers 40 
4.1  Abstract 40 
4.2  Introduction 41 
4.3  Methods 43 
4.4  Results 47 
4.5  Discussion 52 
5  Predictors of changes in daily alcohol consumption in the aftermath of military 
deployment 57 
5.1  Abstract 57 
5.2  Introduction 58 
5.3  Methods 60 
5.4  Results 64 
5.5  Discussion 68 
6  Associations between lifetime PTSD symptoms and current substance use disorders 
using a five-factor model of PTSD 73 
6.1  Abstract 73 
6.2  Introduction 74 
6.3  Methods 78 
Content  5 
6.4  Results 80 
6.5  Discussion 85 
7  Stress exposure and the risk for the onset of alcohol use disorders and nicotine 
dependence: The role of prior internalizing disorders 89 
7.1  Abstract 89 
7.2  Introduction 90 
7.3  Methods 92 
7.4  Results 96 
7.5  Discussion 103 
7.6  Conclusions 105 
8  General discussion 106 
8.1  Summary of main findings 106 
8.2  Discussion of main findings 109 
8.3  Critical discussion of methodology 117 
8.4  Practical implications 120 
8.5  Directions for future research 122 
9  Conclusion 125 
10 References 126 
11 Appendix 157 
 
List of tables  6 
List of tables 
 
Table 1: Diagnostic criteria of substance use disorders in DSM-IV-TR (American Psychiatric 
Association, 2000) 19 
Table 2: Sociodemographic and military characteristics of deployed and never deployed soldiers 48 
Table 3: 12-month prevalences of use patterns and substance use disorders 50 
Table 4: Associations between mental disorders, heavy drinking and regular smoking. 52 
Table 5: Daily alcohol use in subjects with different courses of alcohol consumption 64 
Table 6: Predictors of different courses of alcohol consumption 66 
Table 7: Correlates of different courses of alcohol consumption 68 
Table 8: Mapping of the DSM-IV-TR PTSD symptoms to different factor models 75 
Table 9: Lifetime prevalence of PTSD and common mental disorders 81 
Table 10: Separate model associations between lifetime PTSD symptoms and current alcohol use 
disorder 82 
Table 11: Separate model associations between lifetime PTSD symptoms and current nicotine 
dependence 83 
Table 12: Multivariate associations between lifetime PTSD symptoms and current alcohol use disorder
 84 
Table 13: Multivariate associations between lifetime PTSD symptoms and current nicotine 
dependence 85 
Table 14: Demographic, military, mental health and substance-related baseline sample  characteristics
 97 
Table 15: Stress exposure, interactions with pre-existing internalizing disorders and onset of alcohol 
use disorders after deployment 99 
Table 16: Stress exposure, interactions with pre-existing internalizing disorders and onset of nicotine 
dependence after deployment 100 
List of figures  7 
List of figures 
 
Figure 1: Risk factors for substance use and substance use disorders (adapted from Hasin & Keyes, 
2011) 22 
Figure 2: Dimensions of stressful experiences (Keyes et al., 2011) 24 
Figure 3: Model of how stressful experiences and substance use may affect progression from 
substance use initiation to dependence and relapse (adapted from Lijffijt et al., 2014) 26 
Figure 4: Eligibility and response 93 
Figure 5: Model-based predictions of alcohol use disorders onset risk by prior mood disorder and 
concerns about family disruptions 101 
Figure 6a and 6b: Model-based predictions of alcohol use disorders onset risk by prior anxiety 
disorders (a) and number of prior internalizing disorder diagnoses (b) and difficult living and 
working environment 101 
Figure 7: Model-based predictions of nicotine dependence onset risk by prior mood disorder and 
difficult living and working environment 102 
List of abbreviations  8 
List of abbreviations 
 
ACTH Adrenocorticotropic hormone 
AUD Alcohol use disorder 
BD Binge drinking 
CI Confidence interval 
CIDI Composite International Diagnostic Interview 
CRF Corticotropin releasing factor 
DALY Disability-adjusted life years 
DSM Diagnostic and Statistical Manual of Mental Disorders 
GCP Good Clinical Practice 
HD Heavy drinking 
HPA Hypothalamic–pituitary–adrenal 
ICD International Statistical Classification of Diseases and Related Health Problems 
ICH International Conference on Harmonisation of Technical Requirements for  
  Registration of Pharmaceuticals for Human Use 
ILDU Illegal drug use 
ISAF International Security Assistance Force 
MHAT Mental Health Advisory Team 
OCD Obsessive compulsive disorder 
OR Odds ratio 
PAD Prior anxiety disorders 
PID Prior internalizing disorders 
PID-PTSD+³ Prevalence, incidence and determinants of PTSD and other mental disorders 
PMD Prior mood disorders 
PTSD Posttraumatic stress disorder 
RS Regular smoking 
SAM Sympathetic-adrenal-medullary 
SAMHSA  Substance Abuse and Mental Health Services Administration 
SD Standard deviation 
SE Stressful experience 
List of abbreviations  9 
SSI Abridged somatization disorder 
SU Substance use 
SUD Substance use disorder 
TUD Technische Universität Dresden 
WHO World Health Organization 
Zusammenfassung 10 
Zusammenfassung 
 
Hintergrund: Das Risiko für den Konsum psychotroper Substanzen (Alkohol, Nikotin, illegale Drogen) 
und das Auftreten von Substanzstörungen (Missbrauch, Abhängigkeit) im Zusammenhang mit 
Belastungen in militärischen Einsätzen ist angesichts der Zunahme militärischer Einsätze sowie der 
hohen individuellen und sozialen Kosten von Substanzstörungen ein Forschungsthema von hoher 
Relevanz. Wichtige Fragen sind dabei: Stehen Auslandseinsätze generell im Zusammenhang mit 
problematischen Konsummustern und Substanzstörungen? Gibt es bestimmte Risikogruppen für 
Anstiege im Substanzkonsum und das Auftreten von Substanzstörungen? Welche Rolle spielen 
andere psychische Störungen, wie z.B. die posttraumatische Belastungsstörung (PTBS), für das 
Auftreten einer Substanzstörung? 
Diese Dissertationsschrift behandelt verschiedene Aspekte dieser Fragestellungen auf der Grundlage 
eines Forschungsprogramms zur psychischen Gesundheit bei in Afghanistan eingesetzten deutschen 
Soldaten. Das Programm umfasste eine querschnittliche und eine prospektiv-longitudinale Studie. In 
der Querschnittstudie wurde eine randomisierte, stratifizierte Stichprobe von 1483 Soldaten zwölf 
Monate nach Rückkehr aus einem Einsatz in Afghanistan untersucht. Als Kontrollgruppe wurden 
zudem 889 Soldaten untersucht, welche niemals im Einsatz waren. In der prospektiv-longitudinalen 
Studie wurde eine weitere Stichprobe von 358 männlichen Soldaten unmittelbar vor und zwölf Monate 
nach Einsatzrückkehr aus Afghanistan untersucht. Information zu Substanzkonsum und 
Substanzstörungen nach DSM-IV wurden mittels standardisierter diagnostischer Interviews erfasst. 
Einsatzbezogene belastende Ereignisse und andere relevante Variablen wurden mit zusätzlichen 
Skalen und Fragebögen erhoben. 
Auf Basis dieses Studienprogramms wurden unter anderem die folgenden Fragestellungen 
bearbeitet: (1) Unterscheiden sich Soldaten mit und ohne Auslandseinsatz hinsichtlich der Prävalenz 
von kritischen Konsummustern (Alkohol, Nikotin, illegale Drogen) und Substanzstörungen (Alkohol, 
Nikotin)? (2) Durch welche Merkmale sind Soldaten mit einsatzbezogenen Veränderungen im 
Alkoholkonsum gekennzeichnet? (3) Sind Symptome der PTBS mit dem Risiko für 
Substanzstörungen (Alkohol, Nikotin) assoziiert? (4) Haben Soldaten mit bereits vor dem Einsatz 
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bestehenden Angst- und affektiven Störungen ein höheres Risiko für das Auftreten einer 
Substanzstörung (Alkohol, Nikotin) nach belastenden Einsatzereignissen? 
Hauptergebnisse: In Bezug auf diese Fragestellungen ergaben sich folgende Ergebnisse: (1) 
Soldaten mit und ohne Auslandseinsatz unterschieden sich kaum hinsichtlich der Prävalenz von 
Substanzkonsum und Substanzstörungen. (2) Allerdings ergaben sich Hinweise auf Zu-, wie auch 
Abnahmeeffekte im Alkoholkonsum in unterschiedlichen Subgruppen. Soldaten mit einem Anstieg im 
Alkoholkonsum waren im Vergleich zu Soldaten mit stabilem Konsum durch einen niedrigeren 
Dienstgrad, ein geringeres Ausmaß an Akzeptanz, weniger soziale Unterstützung, mehr 
Schlafprobleme nach Einsatzrückkehr sowie ein höheres Ausmaß an negativen einsatzbezogenen 
Bewertungen gekennzeichnet. Bei Soldaten mit einer einsatzbezogenen Reduktion im Alkoholkonsum 
fanden sich weniger PTBS-Symptome vor dem Einsatz sowie ein geringeres Ausmaß an emotionaler 
Vernachlässigung in der Kindheit. (3) Es gab Zusammenhänge zwischen PTBS-Symptomen und 
Substanzstörungen, die jedoch teilweise durch andere komorbide psychische Störungen erklärt 
werden konnten. Allerdings blieben einige PTBS-Symptome über andere komorbide Störungen 
hinaus mit Substanzstörungen assoziiert. (4) Bestimmte Konstellationen von bereits vor dem Einsatz 
bestehenden Angst- und affektiven Störungen sagten bei hohem Ausmaß an einigen 
einsatzbezogenen Belastungen das Auftreten einer Störung durch Alkoholkonsum vorher. 
Schlussfolgerungen: Auf Grundlage dieser Befunde lässt sich schlussfolgern, dass in Afghanistan 
eingesetzte Bundeswehrsoldaten kein generell erhöhtes Risiko für kritische Konsummuster und das 
Auftreten von Substanzstörungen aufweisen. Allerdings konnten Subgruppen identifiziert werden, die 
in Bezug auf bestimmte Substanzen ein erhöhtes Risiko für einen erheblichen Anstieg im 
Substanzkosum oder das Auftreten einer Substanzstörung haben. Dazu gehören unter anderem 
Soldaten mit niedrigen Dienstgrad, geringer sozialer Unterstützung und anderen psychischen 
Störungen, wobei bestimmte Symptome der posttraumatischen Belastungsstörung von besonderer 
Relevanz sein könnten. Zudem scheint das Risiko für Störungen durch Alkoholkonsum bei Soldaten 
erhöht, bei denen bereits vor dem Einsatz Angst- und affektive Störungen auftraten und die 
gleichzeitig ein hohes Ausmaß an bestimmten Einsatzbelastungen erleben. Bemerkenswert ist aber 
auch, dass einige Soldaten nach dem Einsatz eine erhebliche Reduktion des Alkoholkonsums 
aufweisen. 
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Die Befunde könnten zu einer verbesserten Identifikation von Risikogruppen beitragen und 
Ansatzpunkte für mögliche Interventionen und präventive Maßnahmen liefern. Aufgrund einiger 
Limitationen, die vor allem querschnittliche Designs und eine eingeschränkte statistische Power 
betreffen, sollten einige der beobachteten Zusammenhänge vorsichtig interpretiert werden. Weitere 
prospektive Untersuchungen an größeren Stichproben sowie Hochrisikokohorten sind nötig, um die 
Befunde zu replizieren und zu erweitern. Weiter sollte die Übertragbarkeit der Befunde auf nicht-
militärische Stichproben unter Einbezug anderer Arten von belastenden Ereignissen untersucht 
werden. Diese Untersuchungen könnten langfristig zur Senkung von problematischen 
Substanzkonsum und Substanzstörungen beitragen.
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Summary 
 
Background: Given the increasing number of military deployments in modern forces and the high 
individual and social costs of substance use disorders, the risk of substance use (alcohol, nicotine, 
illegal drugs) and substance use disorders (abuse, dependence) associated with deployment and 
deployment-related stressful experiences is an important area of research. Main questions in this area 
are: Are deployment and deployment-related stressful experiences associated with problematic 
substance use patterns and substance use disorders? Are there high-risk groups for deployment-
related increases in substance use and the occurrence of substance use disorders? Do other mental 
disorders such as posttraumatic stress disorder play a role for the risk of substance use disorders?  
This dissertation thesis aims to contribute to these questions. The thesis is based on a research 
program in German military personnel deployed to Afghanistan. The program includes a cross-
sectional and a prospective-longitudinal study component. In the cross-sectional component, a 
random, stratified sample of 1483 was assessed twelve months after return from deployment. As a 
control group, 889 never deployed soldiers were also assessed. In the prospective-longitudinal 
component, another sample of 358 male soldiers was assessed directly before and twelve months 
following deployment. Information about substance use and substance use disorders was obtained 
using a standardized diagnostic interview. Deployment-related stressful experiences and other 
relevant variables were assessed with additional scales and questionnaires.  
Based on this study program, the following research questions were addressed: (1) Do deployed and 
never deployed soldiers differ regarding the prevalence of problematic substance use patterns 
(alcohol, nicotine, illegal drugs) and substance use disorders (alcohol, nicotine)? (2) How are soldiers 
with deployment-related changes in alcohol use characterized? (3) Are posttraumatic stress disorder 
symptoms related to the risk for substance use disorders (alcohol, nicotine)? (4) Are soldiers with prior 
mood and anxiety disorders at higher risk for the onset of substance use disorders (alcohol, nicotine) 
following deployment-related stressful experiences?  
Main results: Regarding these research questions, the following main results were observed: (1) 
Deployed and never deployed do not differ considerably regarding the prevalence of substance use 
and substance use disorders. (2) There was evidence for both deployment-related increases and 
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decreases in alcohol use in specific subgroups. Compared to soldiers with a stable consumption, 
soldiers with increased alcohol use were characterized by lower ranks, less acceptance, less social 
support, more sleeping problems after deployment and more deployment-related negative cognitions. 
Soldiers with deployment-related decreases in alcohol use were characterized by fewer posttraumatic 
stress disorders symptoms prior deployment and less childhood emotional neglect. (3) Posttraumatic 
stress disorder symptoms were related to the risk for substance use disorders. These associations 
were partially attributable to other comorbid mental disorders. However, several posttraumatic stress 
disorder symptoms were related to substance use disorders above the contribution of comorbidity. (4) 
Specific constellations of prior mood and anxiety disorders and high degrees of certain deployment-
related stressful experiences predicted the onset of alcohol use disorders. 
Conclusions: Based on these findings it can be concluded that German soldiers deployed to 
Afghanistan do not have an overall elevated risk for substance use and substance use disorders. 
However, several subgroups with a deployment-related increase in substance use and substance use 
disorders could be identified for specific substances. These subgroups include soldiers with low ranks, 
low social support and other mental disorders, of which several posttraumatic stress disorder 
symptoms might be particularly relevant. In addition, soldiers who experience mood and anxiety 
disorders prior to deployment as well as high degrees of specific deployment-related stressful 
experiences might be at higher risk for the onset of alcohol use disorders. It is also noteworthy that 
some soldiers show a deployment-related decrease in alcohol consumption.  
These findings might contribute to an improved identification of high-risk groups and suggest targets 
for possible interventions and preventive efforts. Because of some limitations, mainly regarding cross-
sectional designs and limited statistical power, some observed associations have to be interpreted 
with caution. Further prospective studies in high-risk populations or larger samples are necessary to 
replicate and extend the suggested findings. Moreover, the generalizability of findings to non-military 
samples and other types of stressful experiences should be investigated. These investigations might 
help to further reduce the prevalence of excessive substance use and substance use disorders. 
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0 Preface 
 
Peacebuilding und peacekeeping missions in conflict areas such as Kosovo, Iraq and Afghanistan 
have become an important task of modern forces of the United States (US), the United Kingdom (UK), 
Germany and many other coalition forces. Deployment to these conflict areas puts military personnel 
at high risk for stressful experiences (SE) such as combat exposure (Hoge et al., 2004; Sundin, 
Forbes, Fear, Dandeker, & Wessely, 2011). Thus, there have been concerns that deployed military 
personnel might be at increased risk for mental disorders (Sundin et al., 2011). Since 2001, many 
studies have been conducted to systematically investigate the mental health consequences of military 
deployment (Goodwin & Rona, 2013) with focus on the occurrence of posttraumatic stress disorder 
(PTSD). 
In recent years, increased attention has been paid to excessive substance use (SU) (alcohol, nicotine, 
illegal drugs) and substance use disorder (SUD) associated with military deployment (Bray et al., 
2010; Verrall, 2011). There are several reasons why excessive SU and SUD deserve special attention 
among the broad range of deployment-related mental health problems. First, the exposure to stress 
seems to play an important role in the etiology of SU and SUD (Keyes et al., 2011; Le Moal & Koob, 
2007; Lijffijt et al., 2014). Second, some studies show higher rates of SUD in deployed compared to 
non-deployed soldiers even when no overall associations between other mental disorders and military 
deployment can be found (Hunt, Wessely, Jones, Rona, & Greenberg, 2014). Finally, excessive SU 
among soldiers is related to violent behaviors (MacManus et al., 2015) and occupational hazards such 
as impaired functioning and increased risk for accidental deaths (Booth-Kewley et al., 2009; Garvey 
Wilson, Lange, Brundage & Frommelt, 2003). Thus, SU and SUD seem to be particularly relevant 
mental health problems in the context of military deployment. 
This dissertation thesis aimed to contribute to an improved knowledge on the association between 
military deployment and SU focusing on the identification of high-risk individuals. This knowledge is 
crucial to effectively prevent the adverse consequences associated with SU and SUD in deployed 
military personnel.   
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1 General introduction 
 
This chapter gives an introduction into the topic of this thesis. In a first part, information about 
definitions and epidemiological findings on SU and SUD are presented. Subsequently, 
conceptualizations of SE and findings on their association with SU and SUD are described. In a third 
part, findings on SU and SUD in deployed military personnel with emphasis on the association with 
deployment-related SE are presented. Finally, unresolved questions in the association between 
deployment, SU and SUD are suggested. 
 
1.1  Substance use and substance use disorders 
 
1.1.1 Definitions and classifications 
 
Substance use disorders are defined in international classification systems such as the International 
Statistical Classification of Diseases and Related Health Problems (ICD) or the Diagnostic and 
Statistical Manual of Mental Disorders (DSM). Although findings might still vary due to differences in 
study design and assessment methods, the consistent use of defined criteria increases the 
comparability across studies. This thesis uses the DSM nomenclature since it has been used more 
widely in previous studies ensuring a igher comparability of findings. The DSM in its fourth, text 
revised edition (American Psychiatric Association, 2000) distinguishes between substance abuse and 
substance dependence (Table 1). Meanwhile, the DSM-IV-TR has been replaced by the fifth edition1 
(American Psychiatric Association, 2013). This thesis still uses the DSM-IV definitions of SUD since 
the core assessment instrument applied in the study program that underlies this thesis was based on 
the DSM-IV-TR. In addition to general criteria for SUD, the DSM-IV-TR defines specific disorders for 
different substance classes such as alcohol use disorders (AUD) (abuse and dependence), nicotine 
dependence (ND) and SUD related to several illegal drugs (e.g. opioids, hallucinogens, 
amphetamines). Criteria for these specific disorders are based on the general criteria for SUD with 
                                                     
1 Changes in the SUD definition from DSM-IV-TR to DSM-V predominantly concern the elimination of 
the distinction between abuse and dependence with a symptom count revealing the severity of SUD. 
Moreover, “legal problems” have been eliminated as a symptom while “craving” has been added. 
Although some comparative studies showed that the prevalence of SUD is not affected considerably 
by changes between DSM-IV and DSM-V (Hasin, 2012), there is also evidence for a considerable 
increase in the prevalence of AUD (Mewton, Slade, McBride, Grove, & Teesson, 2011). 
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specifications for the respective substance (e.g. specific withdrawal syndrome). Beyond the well-
determined classifications of SUD in the DSM, there are rather vague terms like alcohol misuse which 
usually refer to a probable SUD defined over a certain cut-off point in a screening instrument (e.g. 
Fear et al., 2010). 
Contrary to SUD, there is no agreed consensus on consistent definitions of SU patterns making it very 
difficult to compare measures across different studies. The term problematic use which is 
characterized as ‘‘extent to which use of a certain drug leads to treatment demand, emergency room 
visits, drug related morbidity, mortality and other drug-related social ills’’ (Degenhardt, Hall, Warner-
Smith, & Lynskey, 2001) follows the definitions of SUD although it is “less concretely operationalized” 
(Rehm et al., 2005). A widely used hierarchical terminology of SU distinguishes between use, regular 
use, hazardous use and harmful use (Pols & Hawks, 1992; World Health Organization, 1981). The 
threshold for use usually varies between studies (e.g. singular use, use more than three times) and 
refers to a certain time period (lifetime, past 12 months, past 30 days) (Gill, 2002; Rickwood et al., 
2005). Regular use means using a drug as a normal part of one’s lifestyle, although use may still be 
controlled (Pols & Hawks, 1992; World Health Organization, 1981). Hazardous use is described as 
using a drug in such a way that it will probably cause harm, but has not yet done so, while harmful use 
characterizes drug use that has demonstrably led to physical, social or emotional harm (Pols & Hawks, 
1992; World Health Organization, 1981). This categorization is relatively crude and depends on the 
definition of harm. Some studies report the actual amount of daily consumption of a certain substance 
(e.g. grams of alcohol, number of cigarettes) (e.g. Feldner et al., 2007). 
Beyond patterns which refer to SU in general there are classifications that are used for specific 
substances, particularly for legal ones. The terms binge drinking and heavy drinking are widely used to 
characterize clinically relevant patterns of alcohol consumption using amount and frequency of 
drinking. Binge drinking describes the consumption above a given cut-off level of alcohol in a single 
drinking occasion (German Centre for Addiction Issues, 2008). The used cut-off can be defined as 
amount of ethanol in gram (e.g. ≥70g (male)/ ≥56g (female)), blood alcohol concentration (e.g. 
≥0.8g/liter) or the number of standard drinks (e.g. ≥five standard drinks), while the amount of ethanol 
per standard drink varies between different nations (between 8g in the UK and 19.75g in Japan). 
Heavy drinking is usually referring to a pattern of excessive alcohol consumption characterized by a 
certain amount and frequency of intake (e.g. ≥60g (men)/ ≥40g (women) per day, Substance Abuse 
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and Mental Health Services Administration (SAMHSA), 2012). Finally, patterns of tobacco use are 
often described with regular smoking or daily smoking over a certain time period (e.g. 30 days, 12 
months) (e.g. Thorndike, Wernicke, Pearlman, & Haaga, 2006). Although comparability of critical SU 
patterns is restricted due to a large variability in definitions, these SU patterns still represent an 
important outcome since they can be associated with adverse physical and mental health 
consequences beyond the existence of SUD (Rehm et al., 2013). 
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Table 1: Diagnostic criteria of substance use disorders in DSM-IV-TR (American Psychiatric 
Association, 2000) 
DSM-IV substance dependence 
A maladaptive pattern of substance use, leading to clinically significant impairment or distress, as 
manifested by three (or more) of the following, occurring at any time in  the same 12-month period: 
(1) tolerance, as defined by either of the following: 
a. a need for markedly increased amounts of the substance to achieve intoxication or 
desired effect 
b. markedly diminished effect with continued use of the same amount of the substance 
(2) withdrawal, as manifested by either of the following: 
a. the characteristic withdrawal syndrome for the substance  
b. the same (or a closely related) substance is taken to relieve or avoid withdrawal 
symptoms 
(3) the substance is often taken in larger amounts or over a longer period than was intended 
(4) there is a persistent desire or unsuccessful efforts to cut down or control substance use 
(5) a great deal of time is spent in activities necessary to obtain the substance, use the 
substance, or recover from its effects 
(6) important social, occupational, or recreational activities are given up or reduced because of 
substance use 
(7) the substance use is continued despite knowledge of having a persistent or recurrent 
physical or psychological problem that is likely to have been caused or exacerbated by the 
substance 
DSM-IV substance abuse 
A.  A mal adaptive pattern of substance use leading to clinically significant impairment or distress, 
 as manifested by one (or more) of the following, occurring within a , 2month period: 
(1) recurrent substance use resulting in a failure to fulfill major role obligations at work, school, 
or home (e.g., repeated absences or poor work performance related to substance use; 
substance-related absences, suspensions, or expulsions from school; neglect of children or 
household) 
(2) recurrent substance use in situations in which it is physically hazardous 
(3) recurrent substance-related legal problems  
(4) continued substance use despite having persistent or recurrent social or interpersonal 
problems caused or exacerbated by the effects of the substance  
A.  The symptoms have never met the criteria for Substance Dependence for this class of 
 substance. 
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1.1.2 Epidemiology 
 
Prevalence of SU and SUD 
Alcohol use is an almost normative phenomenon in western countries. The prevalence of past year 
alcohol use in the European Union (EU) among persons aged 15-64 years is 88.9% for men and 
81.5% for women (Rehm, Shield, Rehm, Gmel, & Frick, 2012). In Germany, 92.4% (past month: 
89.7%) of men and 91.7% (past month 81.9%) of women drank alcohol in the past year (Küfner, 
2010). In the United States (US), 61.7% of men and 50.5% of women of the adult population report 
alcohol use for the preceding month (SAMHSA, 2012). Despite these high rates of alcohol use in 
general, only a subgroup of individuals develops use patterns that are related to adverse 
consequences. For example, the prevalence of past month heavy drinking2 lies between 10.9% and 
16.5% for men and between 3.6% and 9.3% for women (Rehm et al., 2012; SAMHSA, 2012). In 
contrast to alcohol, nicotine is not used normatively in western countries but can be already harmful at 
low levels of regular use (Bjartveit & Tverdal, 2005). Among the US population aged twelve years and 
older, 33.5% of males and 22.2% of females report current (past month) nicotine use (SAMHSA, 
2010). In the EU, the prevalence of current nicotine use among adults is 37.0% for men and 26.9% for 
women (Zatoński, Przewoźniak, Sulkowska, West, & Wojtyła, 2012). Comparable rates can be found 
in the German adult general population (males: 35.8%, females: 27.8%) (Küfner, 2010). The use of 
illegal drugs is much less frequent compared to legal drug use. Most estimates of current use of illegal 
drugs range between 3.5% and 11.0% for males and between 1.5% and 6.6% for females (European 
Monitoring Centre for Drugs and Drug Addiction, 2012; Glavak Tkalić, Miletić, & Sakoman, 2013; 
Kraus, Pfeiffer-Gerschel, & Pabst, 2008; SAMHSA, 2010). Across developed nations, cannabis is by 
far the most commonly used – mostly illegal - drug (Greenfield, Back, Lawson, & Brady, 2010; WHO, 
2010)  
Similar to critical SU patterns, only a subgroup of individuals using alcohol exhibits AUD. The twelve-
months prevalence for DSM-IV of alcohol abuse in adult populations lies between is 3.1% and 6.9% 
for males and between 0.4% and 2.6% for females (Hasin, Stinson, Ogburn, & Grant, 2007; Jacobi et 
al., 2014). Respective rates for alcohol dependence range between 4.4% and 5.4% for males and 
between 1.6% and 2.3% for females (Hasin, Stinson, et al., 2007; Jacobi et al., 2014; Rehm et al., 
2015). The prevalence of dependence is higher for nicotine than for alcohol although it is less 
                                                     
2 Defined as at least 60g of ethanol per day for men and at least 40g of ethanol per day for women 
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commonly used. The twelve-month prevalence of DSM-IV ND among US adults is 14.1% for men and 
11.5% for women (Grant, Hasin, Chou, Stinson, & Dawson, 2004), rates in the German adult 
population are almost similar (14.6% for men, 11.7% for women) (Jacobi et al., 2014). Among US 
adults, the 12-months prevalence of drug dependence is 0.9% for males and 0.4% for females. In the 
EU, these rates vary across nations between 0.3% and 2.9% with somewhat higher rates for males 
than for females (Pabst, Kraus, Gomes de Matos, & Piontek, 2013; Rehm et al., 2005).  
SU and SUD, particularly those related to legal substances, are not only highly prevalent but also 
responsible for a major part of years lived with disability as well as for years lost to premature mortality 
which are commonly used metrics to describe disease burden and can be summarized to disability-
adjusted life years (DALYs) (Wittchen et al., 2011). According to estimates of the World Health 
Organization (WHO), up to 5.4% of the global burden of disease is attributable to excessive alcohol 
use and illegal drug use and another 3.7% is attributable to tobacco use (WHO, 2009). In particular, 
high levels of alcohol consumption and problematic use patterns (e.g. heavy drinking) are causally 
related to many somatic diseases (e.g. cardiovascular diseases, liver cirrhosis) but also to neurological 
and mental disorders (including AUD) which account for about one third of all DALYs caused by 
alcohol (Rehm et al., 2009). Tobacco use is estimated to be among the most important risk factors for 
DALYs and mortality in developed countries, mainly because of its relations to cardiovascular 
diseases, several types of cancer, chronic respiratory diseases and infectious diseases (Lim et al., 
2012; Rehm, Taylor, & Room, 2006). The use of illegal drugs accounts for significantly less DALYs 
compared to alcohol and tobacco use (0.8%, Rehm, Taylor, & Room, 2006), although the global 
disease burden attributable to illegal drug use has risen over the past 20 years (Lim et al., 2012). In 
addition to the burden for the individuals, SU and SUD are related to high direct and indirect social 
costs (Rehm et al., 2009). Thus, it is crucial to gather knowledge about factors that may contribute to 
the development and aggravation of SU and SUD since this knowledge is necessary to be able to 
develop effective interventions and preventive efforts (Schumann et al., 2014; Wittchen et al., 2014). 
 
Risk factors for SU and SUD 
The etiology of excessive SU and SUD is complex with various factors contributing to the development 
of critical SU patterns and SUD. Hasin & Keyes (2011) suggest a not necessarily disjunctive 
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categorization of previously identified risk factors on different levels, from social influences (macro 
level) to molecular processes (micro level) (see Figure 1) (Hasin & Keyes, 2011). Empirical evidence 
can be found for all of these risk factors which include the availability of substances (Tarabar & 
Nelson, 2003), laws and policies that regulate the distribution of substances (e.g. drinking age laws) 
(Wagenaar & Holder, 1991), parental modeling (Ellis, Zucker, & Fitzgerald, 1997), unfavorable 
influences of peers (Walden, McGue, Lacono, Burt, & Elkins, 2004), religiosity as a protective factor 
(Aharonovich, Hasin, Rahav, Meydan, & Neumark, 2001), positive substance expectancies and 
motivations (Shen, Locke-Wellman, & Hill, 2001), personality traits such as sensation seeking (Martin 
et al., 2002), low subjective response to SU (Schuckit & Smith, 1996), comorbidity of mental disorders 
(Compton, Thomas, Stinson, & Grant, 2007), and genetic influences (e.g. ADH4-gene) (Edenberg & 
Foroud, 2006). Another main factor that is widely believed to be associated with the risk for SU and 
SUD is the experience of stressful events (Hasin & Keyes, 2011; Keyes, Hatzenbuehler, & Hasin, 
2011).  
 
 
Figure 1: Risk factors for substance use and substance use disorders (adapted from Hasin & Keyes, 
2011) 
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1.2  Stressful experiences 
 
1.2.1 Definition of stressful experiences 
 
Stress is a construct which has constantly been redefined over the past 40 years and there is still no 
single agreed-upon definition (Pacák & Palkovits, 2001). For research purposes, it is useful to 
decompose the broad construct stress into distinguishable components. Based on a common stress 
theory (Lazarus & Folkman, 1984), stress can be conceptualized as (1) events that cause stress (2) 
cognitive and affective processes evaluating the event and available coping resources (appraisal); (3) 
biological responses and adaptation needed to cope with the stressor; and (4) behavioral and 
cognitive response to the stressful event (coping) (Sinha, 2001). This thesis focuses on events that 
can cause stress, hereafter referred to as SE. Although this approach neglects the individual 
processing of the actual reaction to events, it makes SE more easily amenable to epidemiologic 
investigations and allows a global evaluation of mental health risks associated with certain events. 
Thus, this approach has been widely used in epidemiological research. 
Since there are a vast number of events that have the potential to elicit stress in a significant 
proportion of individuals, there have been attempts to structure and categorize SE to make them 
amenable to systematic investigations. Some widely used categorizations are briefly presented here. 
Keyes, Hatzenbuehler & Hasin (2011) suggest a conceptualization of SE upon six dimensions: 
severity, time of occurrence in life course, chronicity, expectedness, type of threat, and the probability 
of being the consequence of the mental health status considered (Figure 2). Keyes et al. (2011) also 
proposed a typology of four main SE that vary across these dimensions: fateful/catastrophic events, 
child maltreatment, common adult stressful life events in interpersonal, occupational, financial, and 
legal domains, and minority stress. Another common categorization of SE in psychological research is 
the distinction between ambient stressors, microstressors (“daily hassels”), major life events and 
catastrophes (Pastorino & Doyle-Portillo, 2011). This typology can mainly be allocated upon the 
severity dimension with increasing severity from ambient stressors to catastrophes. For the description 
of severe SE, the term trauma has also been introduced (American Psychiatric Association, 1985). 
According to the DSM-IV, a trauma is characterized by (1) experiencing, witnessing, or being 
confronted with an event or events that involve actual or threatened death or serious injury, or a threat 
to the physical integrity of self or others, and (2) a person’s response involving intense fear, 
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helplessness, or horror3. The majority of concepts from these categorizations which have a 
considerable overlap has been extensively used to study the relation between SE and SU (Crutzen & 
Knibbe, 2012; Edwards, Dunham, Ries, & Barnett, 2006; Keyes et al., 2011, 2014; Reijneveld, Crone, 
Verhulst, & Verloove-Vanhorick, 2003). 
 
 
Figure 2: Dimensions of stressful experiences (Keyes et al., 2011) 
 
1.2.2  Stressful experiences as a risk factor for substance use 
 
There is a large body of research showing an association between SE and SU. For example, the 
prevalence of SUD is elevated in individuals reporting SE (including adverse childhood experiences, 
stressful life evens, and traumatic experiences) and rates of SE are higher among individuals with 
SUD (Afifi, Henriksen, Asmundson, & Sareen, 2012; Bray, Fairbank, & Marsden, 1999; Fenton et al., 
2013; Grant et al., 2004; Stewart, 1996). With regard to the temporal relationship, there are some 
studies showing that excessive SU and SUD predict subsequent SE (Jacobsen, Southwick, & Kosten, 
2001; Kingston & Raghavan, 2009). This observation can be explained by a higher probability of 
                                                     
3 In the DSM-V, the first criterion (traumatic situations) has been revised and the second criterion 
(individuals’ response) has been deleted (American Psychiatric Association, 2013). 
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dangerous lifestyles among individuals engaging in excessive SU (“high risk hypothesis”, Dell’Osso et 
al., 2014). However, broader evidence exists for the opposite direction where SE are associated with 
the risk for subsequent increases in SU as well as the incidence of SUD (Cisler et al., 2011; Fetzner, 
McMillan, Sareen, & Asmundson, 2011; Hooper et al., 2008; Keyes et al., 2014, 2011; Perkonigg et 
al., 2008; Reijneveld et al., 2003). A theory that is predominantly used to explain this direction is the 
self-medication hypothesis according to which SU is a mechanism to cope with aversive psychological 
states that occur in reaction to SE (Khantzian, 1997; Suh, Ruffins, Robins, Albanese, & Khantzian, 
2008). This core assumption is supported by many findings (Crum et al., 2013; Lazareck et al., 2012; 
Leeies, Pagura, Sareen, & Bolton, 2010; Martins, Keyes, Storr, Zhu, & Chilcoat, 2009; Robinson, 
Sareen, Cox, & Bolton, 2011). In case of severe SE (i.e. traumatic events), special emphasis has been 
laid on the role of PTSD as mediator in the association between SE and SU. Although some studies 
do not support this notion (Cisler et al., 2011; Fetzner et al., 2011), broader evidence suggest that the 
relation between traumatic events and SU can at least partially be explained by the development of 
PTSD symptoms (Chilcoat & Breslau, 1998; Feldner et al., 2007; Hapke et al., 2005; Reed, Anthony, & 
Breslau, 2007). There is also a line of research investigating whether this association is attributable to 
particular PTSD symptoms rather than to PTSD in general (see Chapters 1.3.3 and 6.2). 
Despite evidence supporting the self-medication hypothesis, several studies suggest that it is not able 
to fully explain the association between SE and SU. As indicated above, some findings suggest a 
relation between SE and SU without the development of mental disorders (Cisler et al., 2011; Fetzner 
et al., 2011). Moreover, it was shown that SU does not always reduce adverse symptoms as predicted 
by the self-medication hypothesis (Khantzian, 2003; Stevens, Rist, & Gerlach, 2008). Thus, a more 
complex model is probably needed to describe the relationship between SE and SU. Recently, Lijffijt et 
al. (2014) proposed a translational model on the relation between SE and SU (Figure 3). The model 
includes the core assumption of the self-medication hypotheses, but it also comprehends the 
contribution of additional biophysiological and psychological mechanisms. Unlike in the 
abovementioned classification of risk factors (Hasin & Keyes, 2011), different stages of SU 
progression following SE are also considered here. Along the components of this model, empirical 
findings on the relationship between SE and different stages of SU are outlined below. 
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Note. HPA= hypothalamic-pituitary-adrenal, CRF=corticotropin releasing factor, ACTH=adrenocorticotropic hormone, SAM= 
sympathetic-adrenal-medullary  
Figure 3: Model of how stressful experiences and substance use may affect progression from 
substance use initiation to dependence and relapse (adapted from Lijffijt et al., 2014) 
 
According to Lijffijt et al. (2014), SE are related to an (earlier) initiation of SU. This could be shown for 
smoking (Bruijnzeel, 2012; Kirby, 2006), alcohol (Schmid et al., 2010) and illegal drug use (Fite, Wynn, 
Lochman, & Wells, 2009; McCarty, Rhew, Murowchick, McCauley, & Vander Stoep, 2012). This 
association is probably mediated by the activation of autonomic (sympathetic-adrenal-medullary axis, 
SAM) and endocrine (hypothalamic-pituitary-adrenal axis, HPA) stress systems (1 in Figure 3) which 
influence trait-like factors (2 in Figure 3) such as risk-taking, decision making, behavioral control 
(Arnsten, 2009; Buckert, Schwieren, Kudielka, & Fiebach, 2014; Otte et al., 2005) as well as the belief 
that SU could relieve stress (Byrne, Byrne, & Reinhart, 1995; Nichter, Nichter, Vuckovic, Quintero, & 
Ritenbaugh, 1997). These factors are associated with an elevated risk of experimental SU (3 in Figure 
3) (MacPherson, Magidson, Reynolds, Kahler, & Lejuez, 2010). 
SE are also related to the progression from experimental use to regular use, excessive use and to 
SUD which is supported by various studies across different substances and types of SE (Harling, 
Strehmel, Schablon, & Nienhaus, 2009; Jacobson et al., 2008; Kageyama, Kobayashi, Nishikido, Oga, 
& Kawashima, 2005; Keyes et al., 2011; Van der Pol et al., 2013; Wilk et al., 2010). Contrary to SU 
initiation, the relation between SE and transitioning from regular use to SUD could be mediated by 
effects of stress systems on motivational mechanisms. These mechanisms which are probably active 
in addition to the effects of SE on trait-like factors and emotional distress as described above may be 
associated with an increased reward of SU which contributes to a rapid escalation of SU in terms of 
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progression to excessive use and SUD (5 in Figure 3). Then, SU itself further promotes the 
sensitization of stress systems and their effects on sensitization processes (4 in Figure 3). Evidence 
for this assumption exists from both animal (Nikulina, Lacagnina, Fanous, Wang, & Hammer Jr., 2012; 
Robinson & Berridge, 2003, 2008) and human studies (Boileau et al., 2006; Hamidovic, Childs, 
Conrad, King, & de Wit, 2010). These show a cross-sensitization of stress and SU through an 
increased motivational value of substances after SE4 which does potentiate positive reinforcement 
mechanisms (Lijffijt et al., 2014). 
In addition to initiation and progression to excessive SU and SUD, the model of Lijffijt et al. (2014) also 
suggests that SE are related to relapse. Previous studies showed a higher risk for relapse among 
smokers with SE (McKee, Maciejewski, Falba, & Mazure, 2003). SE also predicted relapse at follow-
ups between three months and three years in individuals with AUD who were in remission at baseline 
assessment (Brown, Vik, Patterson, Grant, & Schuckit, 1995; Pilowsky, Keyes, Geier, Grant, & Hasin, 
2013). Comparable findings were observed for individuals with marijuana and cocaine use disorders 
(McMahon, 2001; Pilowsky et al., 2013). The underlying mechanism of the association between SE 
and relapse are basically the same motivational sensitization processes as described above. These 
processes could lead to an increased reliance on SU to avoid negative symptoms of withdrawal (Koob, 
2009; Koob & Kreek, 2007). This might be explained by changes in stress and reinforcement systems 
due to prolonged SU where the HPA axis (corticotropin releasing factor (CRF) release) becomes less 
activated by substances and more activated in states of withdrawal creating a compulsive want for the 
substance (craving) (Koob, 2009; Koob & Le Moal, 2008; Koob & Kreek, 2007). In addition, a 
sensitization of the norepinephrine system leads to an impairment of control functions and an 
increased salience of substance-related cues (Versace et al., 2012, 2014) which can both be related 
to relapse (Field & Cox, 2008; Pascoli et al., 2014; Rebec & Sun, 2005; Sullivan & Pfefferbaum, 2014; 
Waters, Marhe, & Franken, 2012).  
To summarize, there is evidence that SE are related to an increased risk for SU initiation and 
progression to excessive SU, SUD and relapse. The processes underlying these associations are 
complex including various variables on behavioral, psychological and bio-physiological levels. 
 
                                                     
4 probably mediated by effects on dopaminergic systems (Wang et al., 2005; Wang, You, Rice, & 
Wise, 2007) 
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1.3 Stressful experiences and substance use in deployed military personnel 
 
1.3.1 Deployment-related stressful experiences 
 
Deployments to conflict areas such as Iraq or Afghanistan are associated with a high risk for several 
types of SE which mostly occur within a timeframe of several months5. There are two main types of 
deployment-related SE which usually occur during deployment. The first type can be described as 
combat events and includes all incidents of experienced or witnessed threat related to military attacks 
(Hoge et al., 2004; Mental Health Advisory Team (MHAT IV), 2006). According to the six dimensions 
of SE introduced above, these events can be characterized as severe, occurring in adulthood, acute 
(or intermittent), at least moderately expected (because soldiers are trained and aware that they are in 
a battlefield), including both physical and emotional threat and being unlikely to be the consequence of 
the current mental health status. Although severity and number of combat event experiences varies 
considerably between nations (Hunt et al., 2014; Sundin et al., 2014), there is evidence that the 
majority of soldiers is confronted with at least one of these combat events even in nations with low 
average combat exposure such as Germany (Wittchen, Schönfeld, Kirschbaum, et al., 2012). The 
second type of deployment-related SE is related to the conditions of deployment. This type 
comprehends experiences like separation from home, concerns about home and family and 
environmental conditions such as a poor living arrangements, uncomfortable climate and difficulties in 
handling cultural differences (King, King, Vogt, Knight, & Samper, 2006; Vogt, Smith, et al., 2011; Vogt 
et al., 2013). Compared to combat events, these deployment-related SE are less severe, more 
chronic, and include more emotional than physical threat. Deployed soldiers on average report at least 
moderate exposure to stressful environmental conditions and concerns about relationships (Vogt, 
Pless, King, & King, 2005). Since both combat events and chronic, less severe deployment-related SE 
can be related to adverse mental health outcomes (King et al., 2006; Vaughn et al., 2011), it appears 
important to consider both types when analyzing the association between deployment-related SE and 
SU. 
 
 
                                                     
5 Mean deployment length is between four to six months (Germany, Canada, United Kingdom) and 
twelve months (United States) (Hunt, Wessely, Jones, Rona, & Greenberg, 2014; Moorefield, 2011; 
Trautmann et al., 2013) 
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1.3.2 Deployment-related stressful experiences and the risk for SU and SUD 
 
SUD are common mental health problems among military personnel (Fear et al., 2010; Iversen et al., 
2009; Seal et al., 2011). Moreover, a high proportion of deployed soldiers show excessive patterns of 
SU (Henderson et al., 2009; Jones and Fear, 2011; Nelson & Pederson, 2008) (also see Chapter 4.2). 
Some studies suggest that rates of SU and SUD found in military personnel exceed those of the 
general population (Kessler et al., 2014; Verrall, 2011), although this is still controversial with other 
studies showing similar or even lower rates in military populations (Bray, Marsden, & Peterson, 1991, 
Hodson, McFarlane, Van Hooff, & Davies, 2011).  
The findings on the association between SE and SU outlined above suggest that the risk for SU and 
SUD in military personnel could largely be attributable to SE related to military service, particularly to 
military deployment. In fact, there is evidence that deployment is related to increases in heavy 
drinking, binge drinking (Jacobson et al., 2008; Milliken, Auchterlonie, & Hoge, 2007) and smoking 
(Hermes et al., 2012). Many studies, both cross-sectional and prospective, showed that especially 
combat experiences are associated with a higher risk for SU and SUD for both legal and illegal 
substances (Hooper et al., 2008; Jacobson et al., 2008; Prigerson, Maciejewski, & Rosenheck, 2002; 
Spera, Thomas, Barlas, Szoc, & Cambridge, 2011; Wilk et al., 2010). Much less is known about the 
relation between prolonged, less severe deployment-related SE and SU. Vogt, Vaughn et al. (2011) 
found no association between difficult deployment-related environmental conditions and SU. However, 
a lack of further studies does not allow definite evaluations of the association between these 
deployment-related SE and SU so far.  
The processes and mechanisms underlying the association between deployment-related SE and SU 
are likely to be the same as for SE in general. However, it should be noted that the potential mediating 
role of PTSD symptoms receives more attention in the field of deployment-related SE. This can be 
explained by the fact that a high proportion of deployment-related SE (especially related to combat) 
can be qualified as traumatic (Wittchen et al., 2012). In fact, some studies found that SU and SUD 
following deployment-related SE might at least partially attributable to PTSD symptoms (Jakupcak et 
al., 2010; Kline et al., 2014) and underline the potential role of PTSD symptoms as an important 
mediating factor. 
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To summarize, SU and SUD are prevalent phenomena in military personnel and have been 
associated with deployment-related SE, with the development of PTSD symptoms as a potential 
mediating mechanism. However, some aspects about these relationships still remain unclear. 
 
1.3.3  Unresolved questions 
 
Association between deployment, SU and SUD 
Although SE have a high probability to occur during deployment, type and number of deployment-
related SE vary considerably across individuals (Vogt et al., 2005; Wittchen, Schönfeld, Kirschbaum, 
et al., 2012), mostly depending on deployment location, role and proximity to combat events (Wittchen 
et al., 2012). This raises the question whether deployment is generally related to SU and SUD. 
Despite some evidence for this association (Hermes et al., 2012; Jacobson et al., 2008; Milliken, 
Auchterlonie, & Hoge, 2007; Fear et al., 2010), the overall effect across studies is relatively low and 
varies considerably between studies (Kelsall et al., 2015). Moreover, some studies were not able to 
show associations between deployment, SU and SUD (Hooper et al., 2008; Hotopf et al., 2006). 
Importantly, some studies (Hermes et al., 2012, Hotopf et al., 2006; Milliken et al., 2007) did not have 
a control group of never deployed soldiers6 making it difficult to interpret these findings. It should also 
be considered that the abovementioned studies stem exclusively from the US and UK military which 
highlights the need for data from other nations with different military and deployment characteristics 
(e.g. higher education, shorter deployment durations, less combat events; see Trautmann et al., 2013; 
Wittchen, Schönfeld, Kirschbaum, et al., 2012). Thus, further investigations addressing these issues 
are needed to evaluate the overall association between deployment, SU and SUD since this 
knowledge is highly relevant for the allocation of health care resources.  
 
 
 
 
                                                     
6 Hermes et al. (2012) and Hotopf et al. (2006) report comparisons with non-deployed soldiers (no 
deployment in the period of interest) of which between 30% and 60% had previous deployments. 
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Predictors of changes in alcohol use following deployment 
As mentioned above, some studies were not able to show an overall association between deployment-
related SE and SU (Hooper et al., 2008; Hotopf et al., 2006). This raises the question whether there 
are specific high-risk groups and how they can be characterized. In this context, increases in alcohol 
use following deployment are an interesting outcome since they might be a symptom or precursor in 
the progression to AUD (Lijffijt et al., 2014) which were shown to be a major mental health concern in 
military personnel (Iversen et al., 2009; Riddle et al., 2007). An improved knowledge about predictors 
for increases in alcohol use might allow the development of preventive interventions. Several risk 
factors and correlates of SU following SE such as demographic characteristics (gender, economic 
status) (Bray & Hourani, 2007; Dawson, Grant, & Ruan, 2005), other mental disorders such as PTSD 
and sleeping problems (Kline et al., 2014; Lande, 2012; Shipherd, Stafford, & Tanner, 2005) and 
abilities of cognitive and emotional regulation (Lijffijt et al., 2014) have already been identified and 
might also play a role in the context of military deployment. However, these factors stem from a limited 
number of prospective studies that were each restricted to a small number of potential risk factors. 
Since these studies were conducted in different samples (general population, military personnel, 
children) and assessed different types of SE (life events, deployment-related SE, childhood trauma) it 
is difficult to draw conclusions about risk factors and correlates of increases in alcohol use following 
deployment. Thus, there is a need for prospective investigations of deployment-related increases in 
alcohol use considering a broader spectrum of potential risk factors and correlates. 
In addition to studies showing no overall association between deployment and SU, some evidence 
even exists for decreases in SU after deployment in some individuals (Russell et al., 2014) which is in 
line with findings from investigations of SE in civilian samples (Nordløkken, Pape, Wentzel-Larsen, & 
Heir, 2013). Although the possibility of positive psychological changes following severe SE is already 
described in the literature on “posttraumatic growth” (Tedeschi & Calhoun, 2004; Zöllner & Maercker, 
2006), such changes have barely been investigated in terms of decreases in SU and SUD after SE so 
far. Thus, little is known about factors that might be related to decreases in alcohol use after 
deployment. It remains also unclear whether these factors would be specifically related to decreases 
in SU or whether they would just represent low levels of risk factors for increases in SU. An improved 
knowledge of factors related to changes in SU following deployment might result in interventions that 
could prevent increases in SU on the one hand and facilitate decreases in SU on the other. 
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Association between PTSD symptoms and SUD 
Among the various potential factors that might contribute to the risk for SUD following deployment-
related SE, previous research has particularly focused on the role of other mental disorders. In fact, 
both the self-medication hypothesis (Khantzian, 1997) and the model of Lijffijt et al. (2014) suggest 
that adverse psychological symptoms following SE are related to the risk for subsequent SU and SUD. 
The association between SUD and other mental disorders is also supported by numerous empirical 
studies (Brook, Brook, Zhang, Cohen, & Whiteman, 2002; Buckner et al., 2008; Pasche, 2012; 
Pietrzak, Johnson, Goldstein, Malley, & Southwick, 2009). Within the range of mental disorders, 
special emphasis has been laid on the role of PTSD symptoms. There is a wealth of research showing 
an association between PTSD and SUD (for comprehensive reviews see Debell et al., 2014; Jacobsen 
et al., 2001 and Rasmusson, Picciotto, & Krishnan-Sarin, 2006). There is also evidence that particular 
PTSD symptoms (re-experiencing, avoidance, hyperarousal, emotional numbing) are associated with 
the risk for SUD (Cook, Jakupcak, Rosenheck, Fontana, & McFall, 2009; Jakupcak et al., 2010; 
Zahradnik, Stewart, Sherry, Stevens, & Wekerle, 2011). However, the findings of these studies are 
highly heterogeneous (see Chapter 6.2). This might at least partially be explained by differences in 
methodology. For example, not all studies took into account other PTSD symptoms when analyzing 
the relation between individual PTSD symptoms and SUD, leaving the individual contribution of 
particular PTSD symptoms unclear. More importantly, the vast majority of these studies did not 
consider other comorbid mental disorders. Since the majority of individuals with PTSD meets the 
criteria for at least one other diagnosis (Brunello et al., 2001) the association between PTSD 
symptoms and SUD could likely be explained by comorbid diagnosis. This might particularly apply for 
PTSD symptoms such as emotional numbing which are regarded as rather unspecific (Brewin, 2013). 
Further investigations of the relation between individual PTSD symptoms and SUD beyond the 
contribution of comorbid mental disorders might lead to a better understanding of the role of PTSD 
symptoms for the risk of SUD. Adapted to the context of military deployment, this knowledge could 
facilitate the early identification of individuals who are at risk for SUD following deployment. 
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Prior internalizing disorders as moderators of the association between deployment-related SE 
and SUD 
The vast majority of the abovementioned studies on the role of other mental disorders for the risk of 
SUD following deployment-related and other types of SE focused on mental disorders that occur 
subsequent to SE and might function as a mediating mechanism. However, there is also preliminary 
evidence that mental disorders that occurred prior to SE might be related to an increased risk for SU 
and SUD following SE. This is particularly the case for anxiety and affective disorders which can be 
summarized into internalizing disorders7. For example, negative affect including anxiety and 
depression symptoms is related to the risk of transition from SU initiation to frequent use and 
dependence which has been shown for nicotine (McKenzie, Olsson, Jorm, Romaniuk, & Patton, 2010) 
and cannabis (Swift, Coffey, Carlin, Degenhardt, & Patton, 2008). In addition, individuals with prior 
internalizing disorders may be at elevated risk for an increased stress reactivity (Comeau, Stewart, & 
Loba, 2001) and poor emotion regulation (Berking & Wupperman, 2012) which are involved in the 
association between SE and SU (Enman, Zhang, & Unterwald, 2014; Lijffijt et al., 2014). While the 
moderating role of prior mental disorders for the risk of further psychopathology following SE has 
already been documented for the risk of PTSD (LeardMann et al., 2009; Ozer, Best, Lipsey, & Weiss, 
2003), studies on the risk for SUD are lacking to date. Only one prospective study on non-military 
(Hasin, Keyes, Hatzenbuehler, Aharonovich, & Alderson, 2007) and one prospective study on 
deployment-related SE (Jacobson et al., 2008) investigated this for the risk of SU (but not for SUD) 
and revealed heterogeneous findings. While Hasin et al. (2007) found no higher levels of alcohol use 
after a terrorist attack in individuals with a major depressive episode, Jacobson et al. (2008) showed 
that military personnel with a history of PTSD and depression symptoms had a higher risk for the 
occurrence of alcohol-related problems after deployment. A better understanding of the role of prior 
mental disorders for the risk of SU and SUD after deployment-related SE could be of value for the 
development of improved preventive efforts.  
 
 
  
                                                     
7 For the definition and empirical foundation of the distinction between internalizing and externalizing 
disorders see Kessler et al. (2005) 
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2 Aims 
 
This thesis aims to contribute to an improved understanding of the relationship between deployment-
related SE and SU addressing the unresolved issues suggested above. For these purposes, two 
cross-sectional (Studies I and III) and two prospective-longitudinal studies (Studies II and IV) were 
realized. Specific aims and research questions of the four studies are outlined below. 
 
Study I had several purposes. First, it was of pivotal importance to know the prevalence rates of SU 
and SUD in the population of interest (military personnel). Second, it was aimed to further elucidate 
the relationship between military deployment and SU and SUD by comparing recently deployed and 
never deployed soldiers regarding the prevalence of SU and SUD. Third, it was aimed to investigate 
whether the association between SU and mental disorders in deployed compared to never deployed 
individuals which would be expected if mental disorders played a role in the association between 
deployment-related SE and SU as suggested above. Thus, the research questions of study I can be 
summarized as follows: 
1.1 What are the prevalence rates of SU and SUD in German deployed military personnel? 
1.2 Are rates of SU and SUD elevated in individuals with compared to individuals without  
     deployment? 
1.3 Are associations between SU and mental disorders stronger in individuals with compared to  
     individuals without deployment? 
 
Study II had two aims. The first aim was to investigate various potential risk factors and correlates of 
increase in alcohol use following deployment. The second was to investigate characteristics of 
deployment-related decrease in alcohol use. Thus, the research questions of study II can be 
summarized as follows: 
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2.1 Are specific demographic characteristics, mental health symptoms, trait factors and adverse  
     childhood experiences risk factors and correlates for increase in alcohol consumption following  
     deployment? 
2.2 Which of these factors are risk factors and correlates of decrease in alcohol consumption  
     following deployment? 
 
Study III aimed to further clarify the role of PTSD symptoms for the risk of current AUD and ND. In 
particular, it was aimed to investigate whether the relation between PTSD symptoms and SUD was not 
just attributable the co-existence of other PTSD symptoms or other comorbid mental disorders. Since 
the study did not allow the investigation of PTSD symptoms that were exclusively related to 
deployment (see Chapter 6.3), the association between lifetime PTSD symptoms and current SUD 
was investigated (possible implications for military deployment and limitations are discussed in 
Chapter 8). The research questions of study III can be summarized as follows: 
3.1 Is lifetime PTSD associated with current AUD and ND beyond the contribution of other mental  
     disorders? 
3.2 Are certain lifetime symptoms of PTSD associated with current AUD and ND beyond the  
     contribution of other mental disorders and other PTSD symptoms? 
 
Study IV aimed to investigate whether the association between deployment-related SE and 
subsequent onset of AUD and ND was moderated by a history of prior internalizing disorders (PID). To 
investigate whether this interaction depended on the level of stress exposure and differed between 
types of deployment-related SE, this study focused on several specific deployment-related SE. The 
research questions of study IV can be summarized as follows: 
4.1 Do PID moderate the association between specific deployment-related SE and subsequent  
     onset of AUD? 
4.2 Do PID moderate the association between specific deployment-related SE and subsequent  
     onset of ND?  
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3 Methods 
 
The data presented in this thesis stem from the Prevalence, Incidence and Determinants of PTSD and 
other Mental Disorders (PID-PTSD+³) study, a comprehensive study program investigating the mental 
health of deployed military personnel. Information about design, sampling and assessment 
instruments of the study program are briefly outlined below. Details on design and methods of the 
study program have previously been published (Wittchen, Schönfeld, Thurau, et al., 2012). Specific 
details on the methodology regarding sample characteristics, measures and statistical analyses can 
also be found in chapters 4, 5, 6 and 7 with direct reference to the respective research question. 
 
3.1  Design 
 
The PID-PTSD+³ - study program included two components, a cross-sectional and a prospective-
longitudinal study. The cross-sectional study component was a representative, clinical-epidemiological 
study in a stratified random sample of soldiers from the German ISAF mission in Afghanistan. These 
soldiers were assessed twelve months following return from deployment. As a non-exposed 
comparison group, a sample of never deployed soldiers was assessed at the same time. The cross-
sectional design allowed the investigation of large, representative sample which is appropriate to 
estimate prevalence rates and investigate associations that can be generalized to a broader 
population.  
The prospective-longitudinal study was a cohort study in another sample of German soldiers which 
were assessed directly prior and twelve months following deployment to Afghanistan. The prospective-
longitudinal study design allows the investigation of risk factors, meditators and moderators as well as 
the assessment of changes over time.  
Since both designs have their value with regard to the questions of this thesis, both study components 
were considered. The studies described in chapter 4 and 5 were realized in the cross-sectional study, 
data presented in chapters 6 and 7 stem from the prospective-longitudinal study. 
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3.2  Sampling 
 
Cross-sectional study 
The reference population in this study was defined as the total of all soldiers of the 20th and 21st 
contingents of the German ISAF mission in Afghanistan 2009 (N=10055). After exclusion of 438 
soldiers (no information about location, deployment did not take place), a stratified random sample of 
3496 soldiers was drawn. Soldiers of combat units as an assumed high-risk group (Fear & Wessely, 
2009) were sampled with about twice the probability compared to combat support and medical units to 
ensure sufficient case numbers of mental disorders for statistical analyses. Of the sampled soldiers, 
1599 (100%) were eligible. Reasons for not being eligible were relocation, training course, holidays 
and sick leave. An examination of medical records of individuals not being eligible due to sick leave 
gave no indications for selective non-participation. 1483 individuals finally participated (response rate: 
92.8%). The data were then weighted to assure representativeness for the reference population 
regarding gender, age, marital status, military rank, unit and deployment location (Wittchen et al., 
2012). Although previous studies consistently showed higher deployment-related mental health risks 
for reserve than for regular personnel (Fear et al., 2010; Iversen et al., 2009, Sundin et al., 2011), no 
such distinction is made in this thesis since only 8 (0.5%) individuals were reserve personnel. 
The control group of never deployed soldiers was randomly sampled from the same locations as the 
deployed group. From the 1758 samples soldiers, 932 (100%) were eligible from which 889 soldiers 
participated (response rate: 95.4%). Data were weighted to assure comparability to the deployed 
group regarding gender, age, military rank and unit (Wittchen et al., 2012). 
 
Prospective-longitudinal study 
In the prospective-longitudinal study component, only male soldiers were samples due to the small 
percentage of female deployed soldiers (Wittchen, Schönfeld, Kirschbaum, et al., 2012). A stratified 
random sample of 895 soldiers was drawn from 4.200 male soldiers from the 26th and 27th 
contingents of the ISAF mission in Afghanistan in 2011/2012. Combat units, again, were sampled with 
a higher probability. 117 soldiers were not eligible because of vacation, training or sick leave at the 
time of assessment. Of the remaining 778 soldiers (100%), 618 finally participated. At the second 
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assessment twelve months following return from deployment, full data were available for 358 soldiers 
(retention rate: 58.3%). 
 
3.3  Study instruments 
 
The core assessment instrument in both study components was the Munich Composite International 
diagnostic interview (M-CIDI), a fully standardized, computer-assisted interview (Wittchen & Pfister, 
1997). This diagnostic interview allows the reliable assessment of symptoms, syndromes and mental 
disorders according to the DSM-IV criteria (Lachner et al., 1998; Reed et al., 1998; Wittchen, Lachner, 
Wunderlich, & Pfister, 1998). The interview is accompanied by a respondents’ booklet including 
symptom lists, descriptions and visual aids. The instrument was adapted for its use in military 
populations (Wittchen, Schönfeld, Recknagel, & Siegert, 2009). These adaptations predominantly 
concern questions about military (e.g. rank, unit, service) and deployment characteristics (e.g. tour 
length, location, preparation) as well as a more comprehensive assessment of stressful and traumatic 
experiences. 
The comprehensive SU section of this interview version allowed the assessment of amount and 
frequency of alcohol and nicotine use as well as the assessment of DSM-IV alcohol abuse, alcohol 
dependence and ND. Participants entered the sections for alcohol and nicotine use only if they met 
criteria for minimal use which were alcohol use on at least twelve occasions in at least one year during 
the lifespan and daily smoking over a period of at least four weeks at some point during the lifespan. 
To determine alcohol use, participants were asked about the number of drinks they consume in a 
typical drinking occasion and the frequency of alcohol use (daily, between three and four times a 
week, between one and two times a week). These measures were then used to calculate average 
daily alcohol consumption and specific drinking patterns such as binge drinking and heavy alcohol 
use. For nicotine use, the number of daily cigarettes (or cigars/pipes) was assessed. Both SU and 
SUD for alcohol and nicotine were obtained for both the past 12 months and for the 12-month period 
with the highest consumption. Diagnostic criteria for SUD were assessed along with information about 
age of onset and recency. For illegal drugs, only the frequency of SU was assessed for both lifetime 
and the past 12 months if participants were willing to answer these questions truthfully.  
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Specific deployment-related SE were assessed with scales and questionnaires that were embedded in 
the interview procedure. Combat events were assessed using the event list of the Mental Health 
Advisory Team (Mental Health Advisory Team (MHAT IV), 2006). In addition, difficult living and 
working environment and concerns about family disruptions during deployment were assessed with 
the respective scales of the Deployment Risc and Resilience Inventory which have been widely used 
in military populations (King et al., 2006, Vogt et al., 2013). Beyond deployment-related SE, various 
putative correlates and risk factors were assessed using scales and questionnaires that are described 
in further detail in the method sections of the respective chapters (chapters 4, 5, 6 and 7). 
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4 Substance use and substance use disorders in recently deployed and 
never deployed soldiers 
 
Sebastian Trautmann, Sabine Schönfeld, Silke Behrendt, Michael Höfler, Peter Zimmermann, 
Hans-Ulrich Wittchen 
Published in Drug & Alcohol Dependence (2014), 134, 128-135. 
4.1  Abstract 
 
Background: Military studies investigating the prevalence of SU and SUD and the relation between SU 
and mental disorders often lack a comprehensive assessment of SU, SUD and mental disorders and 
comparable groups of deployed and non-deployed personnel. There is also limited data regarding SU 
and SUD in the German military to date. 
Methods: Cross-sectional examination of n=1483 soldiers recently deployed in Afghanistan and 889 
never deployed soldiers using a fully-standardized diagnostic interview (MI-CIDI) including a 
comprehensive substance section. 
Results: Across both groups, 12-months prevalence of DSM-IV alcohol use disorders was 3.1%, 
36.9% reported binge drinking, 13.9% heavy drinking, 1.3% illegal drug use. 55.1% were regular 
smokers, 10.9% nicotine dependent. Although recently deployed soldiers revealed slightly higher rates 
in some measures, there were no significant differences to the never deployed regarding SU und SUD 
except that recently deployed soldiers smoked more cigarettes per day. The association of SU with 
mental disorders was substantially different though, revealing significant associations between SU and 
mental disorders only among recently deployed soldiers. 
Conclusions: We do not find remarkable differences in the prevalence of SU and SUD between 
recently deployed and never deployed soldiers. Especially binge drinking and regular smoking were 
prevalent across both samples indicating needs for improved interventions. The finding that SU and 
mental disorders are only associated in recently deployed soldiers might have implications for 
improved screening and prevention and suggests that deployment might promote different pathways 
and mechanisms involved in the evolution of SU and mental disorders.  
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4.2  Introduction 
 
The objective of this paper is to provide estimates of the prevalence of SU and SUD in recently 
deployed and never deployed soldiers as well as to investigate the relationship between SU patterns 
and mental dis- orders. SU and SUD are well known public health challenges not only in the 
community (Wittchen et al., 2011) but also in the military (Jones & Fear, 2011). Knowledge about the 
frequency of SU and SUD and an improved understanding of related mental health impairments are of 
vital importance for army administrations as they are associated with an impaired functioning and 
military attrition (Booth-Kewley, Larson, Alderton, Farmer, & Highfill-McRoy, 2009; Hoge et al., 2002; 
Mattiko, Olmsted, Brown, & Bray, 2011). This issue has particularly become of increased interest for 
soldiers that have been deployed in military missions such as in Afghanistan. As most existing studies 
lack adequate comparison groups, it is still unclear whether recently deployed and never deployed 
personnel differ with regard to the prevalence of SU and SUD and their relationship with mental 
disorders. 
Although there is a wealth of research regarding the prevalence of SU and SUD in military 
populations, findings seem to vary by sample, methods and level of detail. There is a substantial and 
broad range of studies suggesting that excessive alcohol use is highly prevalent among military 
personnel. For example, Iversen et al. (2009) found that 18% met the criteria for alcohol abuse which 
was the most common mental disorder in this large UK military sample. Comparable results (12%) 
were also observed among US soldiers (Riddle et al., 2007). Further, high rates of binge drinking (BD) 
(Ramchand et al., 2011) and heavy drinking (HD) ranging between 20 and 40% have been found for 
UK and US soldiers (Bray et al., 1991; Fear et al., 2007; Henderson, Langston, & Greenberg, 2009; 
Jones & Fear, 2011). In a sample of the US naval services, 15% met the DSM III- R criteria for ND in 
the past 12 months (Hourani, Yuan, Bray, & Vincus, 1999). Summarizing previous studies on military 
tobacco use, Nelson et al. (2009) found rates of regular smoking (RS) between 26 and 43%. These 
rates are somewhat elevated compared to the general population (Barbeau, Krieger, & Soobader, 
2004). Studies on illegal drug use (ILDU) in the military are rare and differ by the substances they 
consider. In a large sample of Iraq and Afghanistan veterans, 4.5% received a current ILDU disorder 
diagnosis (Seal et al., 2011). Incorporating a broad range of substances, Bray et al. (2010) suggest a 
prevalence of past 30 days drug use of 12.0% among U.S. military active duty personnel. Despite 
these findings, there is to our knowledge no study that examines both use and clinically relevant 
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disorders for multiple substances as alcohol, nicotine and a broader range of illegal drugs in one 
study. Moreover, the over- whelming majority of findings refer to the US and the UK army. There are 
little data available for other nations and no data for the German military that would allow to generalize 
findings beyond specific populations. Thus, there is further need for comprehensive prevalence 
estimates of both SU and SUD in military populations. 
Among studies reporting the frequency of SU and SUD in military populations, some addressed 
differences in prevalence rates between deployed and non-deployed personnel. Although military 
deployment is often associated with increased risk of stressful and traumatic experiences (Hoge et al., 
2008; Wittchen et al., 2012), which are strongly related to an elevated SU risk (Al'A̕bsi, 2007; 
Jacobson et al., 2008), the association between deployment and SU remains controversial. While 
some findings suggest that deployment and combat exposure are associated with BD and HD 
(Browne et al., 2008; Jacobson et al., 2008; Spera et al., 2011; Wilk et al., 2010), for example Hotopf 
et al. (2006) found no differences between recently deployed and never deployed soldiers in harmful 
alcohol use among UK soldiers. Findings of Hooper et al. (2008) reveal no general effect of 
deployment and combat exposure on smoking in the UK Armed Forces while other results support a 
relationship between both combat stress and boredom and incident or increased tobacco use (Forgas, 
Meyer, & Cohen, 1996). There are also some indications that combat exposure and multiple 
deployments are associated with higher rates of ILDU and ILDU disorders (Kulka et al., 1990; Seal et 
al., 2011). Thus, although there is some evidence that deployment might be related to a higher risk of 
SU and SUD, results are not consistent, possibly suggesting that findings might depend on sample 
(UK vs. US) and outcome measure considered (e.g. definition of type of substance and pattern of 
use). It is therefore important to obtain further data using comparable measures of multiple SU 
patterns and to extend existing findings that predominantly describe US and UK samples. 
Beyond findings on the frequency of SU and SUD, there is a well- documented association between 
SU and various mental disorders (Degenhardt, Hall, & Lynskey, 2001; Kessler, Chiu, Demler, 
Merikangas, & Walters, 2005), which are discussed both as possible risk factor and consequence of 
SU (Chilcoat & Breslau, 1998; Kushner, Abrams, & Borchardt, 2000). The frequency of alcohol use 
was found to be related to psychological distress (Ramchand et al., 2011) and a higher probability for 
disorders like depression and PTSD (Seal et al., 2011). With regard to nicotine, recent results suggest 
a strong association between tobacco use and PTSD (Hermes et al., 2012). It has to be considered 
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that the majority of findings rely on screenings, questionnaires or administrative data allowing for 
relatively crude and clinically and diagnostically quite restricted inferences. Most studies also only 
focus on general measures of psychological distress or on selective mental disorders or symptoms. 
Beyond that, almost nothing is known about differences between recently deployed and non-deployed 
personnel regarding the relationship between SU and mental disorders. One might assume that 
recently deployed soldiers could be increasingly inclined to use substances to deal with mission-
related psychological distress while other motives like social company or self-enhancement (Kuntsche, 
Rehm, & Gmel, 2004) are more relevant in never deployed personnel. Alternatively, the experience of 
psychological distress, SE or decreased accessibility of social support and health services in the 
context of military missions (Hoge et al., 2004; Johnson et al., 2007; Pietrzak, Johnson, Goldstein, 
Malley, & Southwick, 2009) could aggravate negative mental health consequences of excessive SU. 
Hence, we would expect a stronger association between SU and mental disorders in recently 
deployed than in never deployed soldiers. The constraints of previous findings (assessment methods, 
focus on selective diagnoses) and a lack of comparative studies raise the need to further investigate 
the relationship between SU and mental disorders with accurate diagnostic measures focusing on 
putative differences between comparable samples of recently deployed and never deployed 
personnel. 
Using data form a large scale clinical-epidemiological study with fully-standardized face-to-face 
diagnostic interviews in samples of German soldiers recently deployed to Afghanistan and a 
comparison group of never deployed soldiers, we aim (1) to provide prevalence estimates of alcohol 
use, nicotine use and ILDU as well as DSM-IV diagnoses of alcohol abuse, alcohol dependence and 
ND (2) to examine the relationship between HD as well as RS and DSM-IV mental disorders. 
 
4.3  Methods 
 
Data from the cross-sectional program of the “Prevalence, incidence and determinants of PTSD and 
other mental disorders (PID-PTSD+³) - study were used. A comprehensive description of design, 
sampling and assessment procedures can be found in (Wittchen, Schönfeld, Thurau, et al., 2012). The 
study was approved by the TUD Ethics Board (EK 72022010), after internal Bundeswehr approval and 
was performed according to ICH-GCP (Good Clinical Practice)-Guidelines. 
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4.3.1 Study samples 
 
Recently deployed soldiers 
The reference population was a total of n=10,055 soldiers listed for deployment in the 20th and 21st 
German contingents of the 2009/2010 ISAF mission in Afghanistan. 438 soldiers were excluded 
because of missing information about home base location or because the anticipated deployment did 
not take place. Subsequently, a stratified random sample of n=3493 soldiers was drawn. Assumed to 
be a high risk group for deployment-related consequences, combat soldiers were oversampled to 
ensure sufficient statistical power for morbidity risk analyses. Of this sample, n=1599 (100%) were 
eligible at 18 locations distributed nationwide. The following eligibility criteria were applied: (1) Soldiers 
had to be present at their home base location during the assessment periods and (2) due to logistical 
and financial constraints only locations with a sufficient high number of eligible soldiers could be 
considered. Examinations of medical records of non-eligible soldiers revealed no evidence for any 
selection bias (Wittchen, Schönfeld, Thurau, et al., 2012). n=1483 subjects participated (response 
rate: 92.8%) and could be examined, n=102 (6.4%) refused to participate, n=7 (0.4%) did not show up 
for a scheduled assessment and 7 (0.4%) provided an incomplete assessment. 
 
Never deployed soldiers 
Never deployed soldiers were selected randomly within the same locations as the recently deployed 
soldiers. The random selection was stratified using an age, gender and unit grid to ensure 
comparability to the recently deployed soldiers as far as possible. Inclusion criteria for never deployed 
soldiers were: never been deployed, informed consent and age of at least 18 (same as recently 
deployed despite deployment status). n=1758 subjects were sampled, of which n=932 (100%) were 
eligible and 889 finally participated (response rate: 95.4%). 
 
4.3.2 Assessment 
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Recently deployed soldiers were examined about 12 months after deployment at the same home base 
locations as never deployed soldiers. This time interval was chosen because many forms of 
psychopathology occur not only during the deployment period but also after returning (Pietrzak, 
Pullman, Cotea, & Nasveld, 2012). Additionally, many disorders require a time criterion in which the 
symptoms must have persisted for several weeks or months before a person can be diagnosed. 
Soldiers received an information letter prior to the assessment and decided about their participation 
directly before the interview. Third persons, including supervision officers were not informed about 
soldiers’ participation. Pseudonymity was assured throughout the procedure. Interviews were 
conducted by trained personnel using the Munich-Composite International Diagnostic Interview (DIA-
X/M-CIDI, Wittchen & Pfister, 1997). The standard module was adjusted and extended to be feasible 
in military populations (see Wittchen, Schönfeld, Recknagel, & Siegert, 2009). The fully-standardized 
interview allows a reliable and valid assessment of psychiatric symptoms and mental disorders for life- 
time and the last 12 months according to DSM-IV (American Psychiatric Association, 2000) criteria 
and algorithms (Lachner et al., 1998; Wittchen, Lachner, Wunderlich, & Pfister, 1998) as well as the 
collection of additional information, e.g., demographic and military characteristics. 
 
SU and SUD 
We defined AUD (abuse and dependence) and ND according to the DSM-IV criteria. Using the 
quantity and frequency modules of the CIDI substance sections, we additionally derived the following 
core measures: BD, HD, RS and ILDU. Subjects were asked about the sort and number of drinks they 
usually consume on an ordinary drinking occasion and about the frequency of drinking. In order to 
facilitate the answer to this question we used an additional respondent booklet that accompanies the 
interview with images of different types of alcoholic beverages. We then calculated the resulting 
number of standard drinks. A standard drink as assessed with the MI-CIDI interview contains 9 g of 
pure ethanol. Alcohol use was defined as having had at least 12 drinks in the past 12-month period. 
The criteria for BD were met if a person had 7 or more standard drinks on one occasion, HD was 
defined as drinking at least 24 g (for men) or 16 g ethanol (for woman) per day (WHO, 1994). Both 
measures are comparable to thresholds reported in international military studies (Henderson et al., 
2009; Lande, Marin, Chang, & Lande, 2008; Ramchand et al., 2011). RS was specified as smoking at 
least once a day (cigarettes, cigars or pipes) over a period of at least 4 weeks. Illegal drugs included 
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the consumption of cannabis, amphetamines, ecstasy, opiates, crack, inhalants, mushrooms and 
spice. Subjects were positive for ILDU if they used the respective substance at least once. Before 
prompting the questions on ILDU, we asked all soldiers whether they were willing to answer truthfully. 
Subjects who declined were excluded from all analysis concerning illegal drugs (n=35 (2.4%) among 
recently deployed, n=16 (1.8%) among never deployed soldiers). All information and analyses on SU 
and SUD refer to the 12 months before the interview. For the investigation of relationships with mental 
disorders we chose HD and RS which describe a regular consumption. Associations between SUD as 
well as ILDU and mental disorders are not reported as small case numbers would not allow for 
appropriate statistical analyses and interpretation. 
 
Mental health 
We derived diagnoses of DSM-IV mental disorders based on the information of the diagnostic 
interview. To ensure sufficient large groups for statistical analysis, diagnoses other than SUD were 
summarized into anxiety disorders (panic disorder, generalized anxiety disorder, posttraumatic stress 
disorder, specific phobias, OCD, social phobia) and affective disorders (major depression, dysthymia, 
bipolar disorders). Additionally, we report findings for somatoform disorders (pain disorder, abridged 
somatization disorder (SSI 4/6)) and sleep disorders. Except for sleep disorders (last 4 weeks), all 
prevalence rates refer to the last 12 months. Due to very low case numbers (n=14), we do not report 
results for psychotic disorders. 
 
4.3.3 Statistical analysis 
 
Data were weighted to account for oversampling of combat soldiers and soldiers deployed to Kunduz, 
Afghanistan. In addition, post-stratification weights were used to take into account joint effects of 
sampling, eligibility and response. As a result, the weighted sample reflects the total reference 
population (20th and 21st contingent of the German ISAF Afghanistan mission) regarding essential 
characteristics (socio-demographic variables, rank, unit). The complete weighting procedure is 
described in detail in (Wittchen, Schönfeld, Thurau, et al., 2012). Descriptive statistics are reported as 
unweighted frequencies and weighted percentages (with 95% confidence intervals for prevalence 
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rates), means and standard deviations. For binary, categorical and dimensional outcomes, logistic, 
multinomial logistic and linear regression analysis based on the robust Huber–White-sandwich 
estimator of standard errors for weighted data (Royall, 1986) were applied. We fitted multiple 
regression models adjusting for socio-demographic and military factors that were previously shown to 
be associated with SU in the context of military and deployment (Fear et al., 2007; Haddock, Klesges, 
Talcott, Lando, & Stein, 1998; Lande et al., 2008; Lynch, Hanson, & Kao, 2004; Sanchez & Bray, 
2001). Associations between SU and mental disorders were examined using single models for each 
mental disorder with the respective SU pattern as independent variable. To provide further evidence 
for putative differences between recently deployed and never deployed soldiers in associations 
between SU and mental disorders, we additionally fitted models with an interaction term of deployment 
status and SU to predict diagnoses. Statistical significance was evaluated at the two-sided 5% level. 
One-sided conclusions were drawn when a two-sided test was significant and the OR indicated an 
association with the respective significance. Associations are quantified as Odds Ratios (ORs) with 
their 95% confidence interval, and associated p-values and statistics from Wald chi squared tests are 
reported for comparisons. All analyses were conducted with Stata 12.1 (Stata Corp., 2012). 
 
4.4  Results 
 
4.4.1 Sample characteristics 
 
Characteristics of recently deployed and never deployed soldiers were similar, except that the 
proportion of soldiers being younger than 26 (Wald Chi2(1)=4.0, p=0.050) and being enlisted in lower 
ranks (Wald Chi2(1)=7.9, p=0.005) was higher in the never deployed compared to the recently 
deployed group (Table 2). Across both samples, soldiers were predominantly male (95.0%), the mean 
age was 30.5 (SD=8.0) years. 32.5% were married, 37.9% had own children, 83.2% were at least at a 
middle educational level. 72.6% rated their economic situation as “sufficient”, 4.2% as “poor”. Twenty-
three percent of all soldiers were employed in combat, 8.3% in medical and 68.6% in other units. 
Twenty-eight percent had a lower (enlisted ranks), 60.0% a middle (non-commissioned officers) and 
12.1% a higher rank (commissioned officers). The mean length of service was 10.4 (SD=8.0) years.
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Table 2: Sociodemographic and military characteristics of deployed and never deployed 
soldiers 
Recently deployed Never deployed
         (N=1483)        (N=889) 
    n %w  n %w  P value 
Sex 
Male 1439 94.8 779 95.5
Female 44 5.2 110 4.5 0.499 
Age, mean (SD)w 30.8 (7.7) 30.0 (8.4) 0.102 
<=25 years 542 29.0 553 37.0
26-30 years 466 32.6 225 33.1
31-40 years 318 24.6 56 15.3
>40 years 213 13.8 55 14.5 0.008 
Marital status 
Unmarried 960 59.9 719 66.3
Married 449 34.8 149 28.6
Separated1 74 5.3 19 5.1 0.100 
Educational level 
Low 275 15.9 182 18.2
Middle 961 66.2 541 62.1
High 247 17.9 166 19.8 0.399 
Economic situation 
Good 308 22.5 215 24.2
Sufficient 1092 73.1 637 71.8
Poor 82 4.4 36 4.0 0.804 
Length of service, mean (SD)w 10.4 (7.7) 10.3 (8.5) 0.893 
<=2 years 294 2.7 52 3.4
3-5 years 316 27.5 513 31.0
6-10 years 175 33.5 469 35.1
>10 years 103 36.3 449 30.5 0.196 
Rank2 
Low 533 24.5 246 33.5
Middle 799 62.7 565 55.5
High 151 12.8 78 11.0 0.015 
Unit 
Combat 681 23.3 175 22.7
Medical 76 7.4 106 9.9
  Others 726 69.3  608 67.4  0.361 
Note. wweighted mean (standard deviation); missing values: marital satus n=2 (0.1%), 
1including widowed/divorced; 2low, middle and high means enlisted ranks, non-commissioned officers and 
commissioned officers  
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4.4.2 Prevalence of SU and SUD 
 
Eighty-five percent of all examined soldiers reported alcohol use in the past 12 months. The mean 
amount of alcohol intake per day was 14.7 g (SD=19.5). 36.9% (95%CI: 34.2–39.6%) met the criteria 
for BD and 13.9% (95%CI: 12.1–15.9%) for HD. The 12-months prevalence of any AUD was 3.1% 
(95%CI: 2.4–4.0%), for alcohol abuse 2.9% (95%CI: 2.2–3.7%) and for alcohol dependence 1.4% 
(95%CI: 0.9–2.1%). Fifty-five percent (95%CI: 52.3–57.8%) revealed RS with an average number of 
15.7 (SD=7.5) cigarettes, cigars or pipes per day. Eleven percent (95%CI: 9.3–12.6%) of all soldiers 
were positive for ND. ILDU was reported by 1.3% (95%CI: 0.7–2.3%) for the last 12 months. 
 
4.4.3 Prevalence of SU and SUD in recently deployed and never deployed soldiers 
 
Table 3 depicts the prevalence of SU and SUD separately for recently deployed and never deployed 
soldiers. We observed no significant differences between both groups in BD and HD. Recently 
deployed subjects showed a marginally higher mean ethanol intake per day compared to never 
deployed soldiers (15.1 g vs. 14.0 g; F(1, 2005)=3.74, p=0.053) and also had a somewhat higher 
probability for any AUD (3.6%, 95%CI: 2.7-4.8%) vs. 2.2% (95%CI: 1.2–3.8%); OR: 1.9 (95%CI: 0.99-
3.5, p=0.054), though both differences were not statistically significant beyond a trend. Regarding 
nicotine use, recently deployed soldiers consumed more cigarettes per day than never deployed 
soldiers (mean: 16.2 vs. 14.8, F(1, 1323)=5.76, p=0.017) without having an overall increased 
probability of smoking. There were no significant differences with regard to rates of ND and ILDU 
(Table 3). 
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Table 3: 12-month prevalences of use patterns and substance use disorders 
Recently deployed  Never deployed     Recently vs  
never deployeda (N=1483) (N=899)  
         n     %w       n      %w   
 
OR (CI 95%)  
Alcohol  
 
Use 1286 86.0 744 83.5  1.2 (0.9 - 1.7) 
Binge drinking 583 36.2 389 38.1  1.0 (0.7 - 1.3) 
Heavy drinking 254 13.9 154 13.9  1.1 (0.8 -1.6) 
Ethanol intake per day in g, mean (SD)w,1     15.1 (21.4)      14.0 (15.5)  2.3 (-0.03 - 4.5)b* 
 
Any DSM-IV AUD 63 3.6 36 2.2  1.9 (0.99-3.5) 
DSM-IV Abuse  59 3.3 34 2.2  1.7 (0.9 - 3.2) 
DSM-IV Dependence 23 1.6 14 1.1  1.7 (0.7 - 4.3) 
 
Nicotine  
 
Regular smoking 873 56.4 471 53.0  1.2 (0.95 - 1.6) 
No. of cigarettes per day, mean (SD)w,1      16.2 (8.3)      14.8 (5.9)  1.3 (0.2 - 2.4)b** 
 
DSM-IV Dependence 162 10.7 102 11.1  0.9 (0.6 - 1.4) 
 
Illegal drugs  
 
Use2 19 1.0 18 1.7  0.6 (0.2 - 2.0) 
Note. AUD=alcohol use disorder. 
w Weighted mean (standard deviation). 
a Adjusted for sex, age, marital status, economic situation, educational level, length of service, unit, rank. 
b B coefficients with their 95% confidence intervals. 
* Test statistics: F(1, 2005)=3.74, p=0.053. 
** Test statistics: F(1, 1323)=5.76, p=0.017. 
1 Among those with use. 
2 Exclusion of n=51 subjects who denied to answer honestly. 
 
4.4.4 SU and mental health in recently deployed and never deployed soldiers 
 
Table 4 presents the relationships between HD as well as RS and mental disorders for recently 
deployed and never deployed soldiers. Among recently deployed soldiers, HD (OR: 2.2, 95%CI: 1.5-
3.1, p<0.001) and RS (OR: 1.6, 95%CI: 1.2-2.1, p=0.001) were related to a higher risk of at least one 
diagnosis (exclusive of SUD) and with SUD in particular (OR: 3.6, 95%CI: 2.4-5.4, p<0.001; OR: 2.1, 
95%CI: 1.1-4.3, p=0.031; respectively). HD was further related to an elevated risk of anxiety (OR: 2.0, 
95%CI: 1.3-3.1, p=0.002), affective (OR: 2.0, 95%CI: 1.3-3.2, p=0.008) and sleep disorders (OR: 2.2, 
95%CI: 1.3-2.8, p=0.005). RS showed associations to an increased risk of anxiety (OR: 1.5, 95%CI: 
1.1-2.2, p=0.019) and affective disorders (OR: 2.4, 95%CI: 1.5-3.9, p<0.001). In contrast, among 
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never deployed soldiers, neither HD nor RS was associated with the presence of any mental disorder 
other than SUD and only HD (OR: 3.7, 95%CI: 1.8-7.6, p<0.001) was related to SUD. HD (OR: 5.4, 
95%CI: 1.1-26.7, p<0.034) and RS (OR: 5.9, 95%CI: 1.2-28.1, p<0.027) were further associated with 
somatoform disorders. Tests of interaction between use pattern and deployment status revealed that 
associations between HD and the presence of any mental disorder (Wald Chi2(1)=7.3, p=0.007) as 
well as anxiety disorders (Wald Chi2(1)=4.8, p=0.028) were significantly stronger in recently deployed 
than in never deployed soldiers. This was also the case for associations between RS and having more 
than two diagnoses (Wald Chi2(1)=4.6, p=0.033) as well as affective disorders (Wald Chi2(1)=7.2, 
p=0.008). 
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Table 4: Associations between mental disorders, heavy drinking and regular smoking. 
Recently deployed Never deployed 
 
Interaction 
   deployment x SU 
        n   %w OR CI  n   %w OR CI Wald Chi² df p value
Heavy drinking (HD) (n=408)  
 
Any diagnosis 96 39.3 2.2 1.5-3.1 46 21.8 0.7 0.3-1.5 7.3  1 0.007
Number of diagnoses  
0 158 60.7 1.0 - 108 78.2 1.0 - -  - - 
1-2 59 22.1 1.9 1.2-2.9 26 13.8 0.7 0.3-1.7 4.8  1 0.028
>2 37 17.2 2.7 1.7-4.4 20 8.0 0.7 0.2-2.0 3.5  1 0.060
Substance use disorder 67 30.1 3.6 2.4-5.4 45 28.6 3.7 1.8-7.6 0.1  1 0.822
Anxiety disorder 51 21.1 2.0 1.3-3.1 16 6.3 0.5 0.2-1.4 4.8  1 0.028
Affektive disorder 34 14.5 2.0 1.2-3.3 24 13.4 1.0 0.4-2.3 1.2  1 0.269
Somatoform disorder 7 3.6 1.7 0.7-4.2 10 4.5 5.4 1.1-26.7 0.9  1 0.332
Sleep disordera 31 10.8 2.2 1.3-3.8 14 5.9 1.0 0.3-3.8 1.6  1 0.211
 
Regular smoking (RS) (n=1344)  
 
Any diagnosis 262 29.3 1.6 1.2-2.1 153 28.5 0.8 0.5-1.3 2.8  1 0.100
Number of diagnoses  
0 611 70.7 1.0 - 318 71.6 1.0 - -  - - 
1-2 164 17.4 1.4 1.0-2.0 94 21.1 1.0 0.6-1.8 0.6  1 0.459
>2 98 11.8 2.0 1.3-3.0 59 7.3 0.4 0.2-1.1 4.6  1 0.033
Substance use disorder 192 22.0 2.1n 1.1-4.3 118 23.3 3.0n 0.9-10.4 2.3  1 0.130
Anxiety disorder 137 15.5 1.5 1.1-2.2 72 10.5 0.8 0.4-1.6 2.0  1 0.161
Affektive disorder 99 10.8 2.4 1.5-3.9 62 10.5 0.5 0.2-1.0 7.2  1 0.008
Somatoform disorder 22 2.9 1.5 0.7-3.6 19 3.0 5.9 1.2-28.1 2.3  1 0.130
Sleep disordera 66 6.9 1.5 0.9-2.5 32 4.8 0.6 0.2-1.6 2.8  1 0.093
Note. SU=substance use. 
n,%w=unweighted number and weighted percentage of subjects with psychiatric diagnosis in the respective group of use 
pattern. 
All bold values are significant at the 5% level. 
a Current sleep disorder. 
n Without nicotine dependence. 
 
4.5  Discussion 
 
To our knowledge, this is the first study that reports the prevalence of SU and clinically relevant SUD 
simultaneously for various substances and examines the associations between several SU patterns 
and mental disorders based on standardized diagnostic interviews for DSM-IV for both recently 
deployed and never deployed personnel. We observed the following main findings: (1) BD and RS 
were prevalent SU patterns while rates for HD, ILDU and SUD were much lower than in previous 
studies. (2) Although recently deployed showed some slightly elevated rates, there were no significant 
differences regarding the prevalence of SU and SUD between recently deployed and never deployed 
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soldiers. (3) HD and RS were associated with various mental disorders in recently deployed but not in 
never deployed soldiers. 
We found rates for BD and RS to be by and large concordant with other studies of military cohorts 
(Hooper et al., 2008; Nelson et al., 2009). They are also in accordance with the German general 
population (Kraus, Augustin, Bloomfield, & Reese, 2001). It has to be noted that a direct comparison of 
military and civilian samples as well as comparisons of different international military samples is 
restricted as these samples differ in the distribution of relevant characteristics (e.g. age, gender, unit). 
However, prevalences of HD, ILDU as well as AUD and ND lie distinctly below those reported in UK 
and US studies (Bray et al., 2010; Henderson et al., 2009; Hourani et al., 1999; Iversen et al., 2009; 
Riddle et al., 2007) and seem also comparatively low in relation to the rates of SU. One explanation for 
this low prevalence of SUD might be the application of fully-standardized clinical interviews (instead of 
screening instruments) which does typically result in more conservative diagnoses and therefore lower 
prevalence rates (Decaluwe & Braet, 2004; Tenney, Schotte, Denys, van Megen, & Westenberg, 
2003). This suggests that the prevalence of SUD in military personnel might have been overestimated 
in studies using screening or dimensional measures to obtain diagnoses. Studies in the general 
population further show that the prevalence of HD is somewhat lower in German samples than in the 
US or UK (Meyer, Rumpf, Hapke, Dilling, & John, 2000; Office for National Statistics, 2002; Reid, 
Fiellin, & O’Connor, 1999) indicating a possibility of national and cultural differences. Rates for alcohol 
dependence found in our sample are also slightly lower compared to men in the German general 
population (4.8%) (Kraus & Bauernfeind, 2001), while the 12-month prevalence for ND roughly equals 
men in the same German general population sample (9.0%). Although differences in potentially 
relevant variables (e.g. age, gender) and assessment methods limit a direct comparison, there might 
also be a military-specific effect, e.g., in terms of the regulation of SU and the enforcement of 
consequences in case of offenses which is very strict in the German Armed Forces and seems to be 
quite successful in reducing AUD as well as HD. These restrictions might of course also account for a 
potential reporting bias, which should be considered as a further explanation. Careful assessment and 
confidentiality procedures, however, were under- taken to address this as described in the methods 
section. With regard to ILDU, the 12-months prevalence in our military sample is considerably lower 
than previously reported for men in a representative German sample (7.5%) (Kraus & Bauernfeind, 
2001). Even though pseudonymity was assured, especially for ILDU and SUD, underreporting, again, 
might also be at least partially responsible this low prevalence rate. Contrary to these patterns, RS and 
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the occasional excessive use of alcohol (BD) are widely accepted in the military and even considered 
as part of the military culture (Hermes et al., 2012; Kroutil, Bray, & Marsden, 1994). This is problematic 
as these patterns are associated with negative health consequences (Hermes et al., 2012; Kuntsche 
et al., 2004; Rehm, Taylor, & Patra, 2006). More attention should be given to increase awareness of 
these consequences within military personnel as they might have been underestimated so far. 
The comparison between recently deployed and never deployed soldiers regarding the prevalence of 
SU and SUD did not reveal remarkable differences as some previous studies suggest (Browne et al., 
2008; Wilk et al., 2010). Only the amount of alcohol and nicotine consumption was somewhat elevated 
in the recently deployed group and soldiers with deployment also showed at least a trend toward a 
higher probability of AUD. It has to be considered that a possible role of deployment as risk factor for 
SU cannot be examined only by analyzing cross-sectional prevalence rates as soldiers might already 
have been affected prior to deployment. Beyond that, the relationship between deployment and 
mission-related disorders is rather complex, comprising mission characteristics as well as individual 
and social risk and protective factors (Iversen et al., 2009; Rona et al., 2009). Thus, various 
associated and inter-related factors such as personality, social environment, mission experiences or 
preparation seem to be more relevant than the deployment status itself and have to be considered. 
Other reasons for the comparably small differences might be military selection processes prior to 
deployment or different mission characteristics compared to other nations, e.g. in terms of shorter 
deployment durations and lower frequencies of combat events (Wittchen, Schönfeld, Kirschbaum, et 
al., 2012). 
With regard to mental health, we observed noteworthy associations between SU and various 
diagnoses confirming previous data on this association (Hasin, Stinson, et al., 2007; Ramchand et al., 
2011). In both groups, HD was related to the presence of any SUD. How- ever, our results suggest 
substantial differences between recently deployed and never deployed soldiers. In the recently 
deployed group, soldiers with HD had a higher risk for all diagnoses except for somatoform disorders, 
RS showed relations to anxiety and affective disorders. Among never deployed soldiers, HD and RS 
were only associated with somatoform disorders. Thus, there is evidence that the association between 
SU and mental disorders differs between recently deployed and never deployed soldiers. One possible 
explanation for this finding is that recently deployed soldiers with a mental disorder could be more 
likely to use substances than never deployed as a coping mechanism to self-medicate aversive 
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mission-related psychological symptoms (Khantzian, 1997). This could be the case for deployment-
related symptoms, for pre-existing disorders that aggravate due to stressful mission events but also for 
stressful processes after returning from deployment (changes in social and occupational environment, 
barriers to care). Other motives that are not associated with mental impairment might be more relevant 
in never deployed personnel. This seems not to apply for apparently somatic conditions like pain 
disorders. Assuming that SU is rather a risk factor for mental disorders or that both co-occur in 
consequence of a shared vulnerability (Kushner et al., 2000), adverse mission experiences might 
trigger or aggravate negative mental health outcomes associated with SU. In any case, deployment 
may moderate the relationship between SU and mental disorders. This could be supported by 
significant interactions between deployment status and SU for the relations between any disorder as 
well as anxiety disorders and HD, and for affective disorders and RS. It has to be noted that despite 
considerable differences in some associations in separate analyses, several interaction terms were 
not statistically significant which is probably due to small analyses groups resulting in limited statistical 
power. 
The increased risk in recently deployed subjects with SU for some disorders also has concrete 
practical implications. Effective detection of mental disorders and critical SU patterns could be 
improved by considering intensified screening measures for mental disorders in subjects with SU and 
vice versa. 
For the interpretation of the presented results, several limitations have to be considered. Data are 
based on a cross-sectional design and the presented associations do not permit conclusion on 
relationships in terms of temporal sequences. As recently deployed soldiers were assessed about 12 
months after deployment, the findings might have been influenced by events or processes during the 
interval that are not or only partially related to the deployment. Due to the subsumption of diagnoses 
we cannot make any statements concerning the relation between SU and specific disorders. Findings 
only apply to the definitions of use patterns that are used in this paper. We cannot make any 
assumptions regarding other definitions that might be equally relevant (e.g., less than daily smokers). 
As many studies define regular smoking with longer time intervals of daily smoking than the 4 weeks 
that are required in our study, this might result in overestimation of prevalence rates and may have 
influences the observed associations between RS and mental disorders. Some analyses groups are 
quite small resulting in limited statistical power and broad confidence intervals. Greater sample sizes 
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in the invested subgroups may have revealed associations beyond those found in our study. Taking 
these limitations into account, our results yet suggest several noteworthy findings and implications. 
In summary, especially BD and RS are frequent patterns in both recently deployed and never 
deployed personnel while rates for SUD are lower than previously suggested in surveys of military 
cohorts. Therefore, special emphasis should be laid on BD and RS with regard to the improvement of 
present interventions and preventive efforts. Further studies are needed to identify the relevant 
mediating and moderating factors that affect the relation between SU and deployment to clarify 
whether there is an impact of deployment on SU and SUD. The substantially elevated risk for mental 
disorders in recently deployed soldiers with current SU suggests that there might be a benefit for 
screening measures in this population to improve early recognition of mental disorders. The finding 
that the association between SU and mental disorders can only be found in recently deployed soldiers 
also gives valuable impulses for future research to further investigate a possible moderating role of 
deployment for the association between SU and mental disorders. 
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5.1  Abstract 
 
Background: Several studies have documented factors related to increases in alcohol consumption in 
the context of stressful experiences. However, little is known about predictors of different courses of 
alcohol use in this context. This study aims to investigate diverse predictors and correlates of increase 
and decrease of average daily alcohol consumption (aDAC) in the aftermath of military deployment 
taking into account a variety of potentially relevant factors. 
Methods: N=358 soldiers were examined before (T1) and 12 months after return from deployment (T2) 
using standardized interviews. Change in aDAC was categorized into decreased (n=72), stable 
(n=215) and increased (n=71) aDAC. 
Results: Overall, aDAC did not change significantly between T1 and T2 (median change=0.0g, inter 
quartile range=11.3g). Compared to stable aDAC, increase was characterized by a lower proportion of 
high-educated individuals (OR: 0.3, 95%CI: 0.1-0.7, p=0.008), lower rank (marginally significant: OR: 
2.0, 95%CI: 1.0-4.1, p=0.050), and less acceptance (trend: MR: 0.97, 95%CI: 0.93-1.00, p=0.053). 
Correlates of increased aDAC were less social support (MR: 0.84, 95%CI: 0.71-0.99, p=0.043), more 
sleeping problems (MR: 1.15, 95%CI: 1.00-1.31, p=0.045) and more negative post-event cognitions 
following deployment (MR: 2.32, 95%CI: 1.28-4.21, p=0.006). Decrease in aDAC was predicted by 
lower PTSD symptom severity before deployment (MR: 0.34, 95%CI: 0.16-0.72, p=0.005) and less 
childhood emotional neglect (marginally significant: MR: 0.78, 95%CI: 0.60-1.00, p=0.050). 
Conclusions: Increase and decrease in alcohol use after stressful experiences might have differential 
risk factors and correlates. Findings might stimulate future research that could result in improved 
measures to prevent increases as well as in interventions that could foster decreases in alcohol 
consumption in the context of stressful experiences.  
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5.2  Introduction 
 
The exposure to stressful conditions such as military deployment can be associated with both 
subsequent increases and decreases in alcohol use (Jacobson et al., 2008; Russell et al., 2014). 
However, little is known about factors that predict different courses in alcohol consumption after SE. 
Accumulating knowledge on these factors is an important step in understanding the mechanisms 
behind different trajectories in alcohol use in the context of stressful conditions. This prospective study 
aimed to identify predictors and correlates of increase and decrease in daily alcohol consumption in 
the aftermath of military deployment.  
Alcohol use and AUD are major mental health problems among military personnel (Fear et al., 2010; 
Iversen et al., 2009; Riddle et al., 2007). There is evidence that particularly deployed military 
personnel experiencing stressful events are at high risk for subsequent alcohol-related problems 
(Browne et al., 2008; Jones & Fear, 2011). Many studies have addressed the association between 
military deployment and alcohol use in the past years. In a large scale cohort study examining a 
population-based sample of US soldiers prior to and following deployment (Jacobson et al., 2008), 
8.8% of the examined population reported a new-onset of heavy weekly drinking during the follow-up 
period. Other longitudinal studies also report the onset or increased rates of AUD, alcohol 
consumption and binge drinking in the context of military deployment (Hooper et al., 2008; McKenzie 
et al., 2009). However, while deployment-related increases in alcohol use have been observed, the 
majority of deployed soldiers do not show an increase in alcohol consumption (Spera et al., 2011). 
Moreover, a subgroup of soldiers report decreases in alcohol use after deployment (Russell et al., 
2014). This finding on heterogeneity in changes in alcohol consumption after deployment is in line with 
data from consequences of severe SE in civilian populations (Keyes et al., 2011; Nordløkken et al., 
2013; North, Ringwalt, Downs, Derzon, & Galvin, 2011) and stresses the necessity to consider 
different courses of alcohol use in the aim to understand the relationship between SE such as military 
deployment and alcohol consumption.  
To date, several studies have investigated factors related to an increase in alcohol use after military 
deployment. First, the exposure to combat events has been linked to the risk for new-onset of heavy 
drinking and alcohol misuse (Jacobson et al., 2008; Wilk et al., 2010), possibly due to self-medication 
of psychological symptoms following SE (see Crum et al., 2013; Khantzian, 1997). Several studies 
suggest that symptoms of PTSD and depression that exist either before or following deployment can 
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be associated with alcohol consumption and AUD after deployment (Kline et al., 2014; Marshall et al., 
2012; Shipherd et al., 2005). In contrast to stressors of short duration such as combat events, little is 
known about the role of prolonged deployment-related stressors like difficult mission and working 
environment in alcohol consumption after deployment. Such factors however have been linked to 
adverse mental health outcomes (King et al., 2006). Proximal demographic and military characteristics 
like a young age, being unmarried, and being enlisted in lower ranks as well as distal factors as 
adverse childhood experiences have also been related to increased rates of alcohol use and misuse 
following deployment (Bray & Hourani, 2007; Clarke-Walper, Riviere, & Wilk, 2014; Fear et al., 2007; 
Lande et al., 2008). In summary, findings on factors related to an increase in alcohol use in the 
aftermath of deployment stem from a limited number of studies with a restricted range of predictors. 
Moreover, most studies focus on variables that were either measured before or following deployment. 
A comprehensive assessment of putatively relevant predictors is an important step towards the 
recognition of aspects that might be involved in the relationship between stress exposure and 
increases in alcohol consumption. This could be important for targeted interventions in the long run. 
To date, little is known about predictors of a decrease in alcohol consumption after deployment. One 
recent study reports factors related to decrease in measures of alcohol use in the context of 
deployment (Russell et al., 2014) but this study solely focused on different types of combat 
experiences and was restricted to National Guard soldiers which limits its generalizability. Previous 
research has identified several factors associated with the improvement of mental health after SE. 
One of these characteristics is resiliency which can be described as resistance to mental health 
consequences after adversity and stress (Hoge, Austin, & Pollack, 2007). Positive reinterpretation of 
the stressful event was found to be associated with personal strength and growth following 
deployment (Linley & Joseph, 2004). Psychological flexibility and acceptance as trait markers were 
inversely related to posttraumatic stress symptoms (Meyer, Morissette, Kimbrel, Kruse, & Gulliver, 
2013), and social support was found to be related to positive mental health outcomes after military 
deployment (Maguen, Vogt, King, King, & Litz, 2006). However, to our best knowledge, there is no 
prospective study that investigated whether these factors are related to decreases in alcohol 
consumption after SE. It is also unclear whether factors would be specifically related to decreases or 
also protect against increases in alcohol use. An advanced knowledge on predictors and correlates of 
deployment-related decrease in alcohol consumption could contribute to the development of targeted 
measures to facilitate the reduction of alcohol consumption following SE. 
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Given this background, this prospective-longitudinal study aimed to investigate the relevance of 
diverse potential predictors and correlates of increases and decreases in average daily alcohol 
consumption (aDAC) after military deployment. 
 
5.3  Methods 
 
5.3.1 Participants and procedure 
 
Data were drawn from the PID-PTSD+³-study, a German study program on mental health 
consequences of deployment (Wittchen, Schönfeld, Thurau, et al., 2012). This program consists of a 
representative cross-sectional study investigating prevalence rates of mental disorders (Trautmann et 
al., 2014; Wittchen et al., 2013) and a prospective-longitudinal study investigating courses and risk 
factors of deployment-related mental health problems. The data presented in this paper exclusively 
stem from the prospective-longitudinal study. 
The baseline sample of this study consisted of 618 soldiers from the 26th and 27th contingents of the 
German ISAF mission in Afghanistan in 2011/2012. Due to the low percentage of female soldiers in 
the German ISAF contingents it was not feasible to include female soldiers in this study component. 
The baseline examination (Time 1) was conducted directly before deployment at the home bases of 
the respective units. The second assessment (Time 2) was carried out about 12 months after return 
from deployment. Full data sets for both assessments were available for 381 soldiers (retention rate: 
61.7%). Twenty-three soldiers reported that they were not deployed as scheduled, so the final sample 
consisted of 358 soldiers. To check for selective dropout we tested whether a history of any mental 
disorder, mood disorder, anxiety disorder, alcohol use disorder; ND, previous experience of mission 
combat events as well as aDAC (preceding 12 months) at Time 1 predicted participation at Time 2. 
None of these predictions reached statistical significance (p≥.05). Throughout the whole study 
procedure pseudonomity of all participants was assured. The study procedure was approved by the 
Ethics Board of the Technische Universität Dresden (EK 72022010). 
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5.3.2 Measures 
 
Both assessments were conducted using a fully-standardized interview (Munich-Composite 
International Diagnostic Interview, Wittchen & Pfister, 1997) with a comprehensive SU section. 
Reliability and validity of the instrument have been established in various studies (Lachner et al., 
1998; Reed et al., 1998; Wittchen et al., 1998). To investigate courses of alcohol consumption we 
assessed the amount of aDAC. The majority of the abovementioned studies examined the 
deployment-related occurrence of critical use patterns (e.g. heavy drinking, binge drinking) which 
might neglect subjects with moderate changes in alcohol consumption and changes in those who 
already engaged in high consumption prior to deployment. Alcohol consumption in the preceding 12 
months was assessed with two questions. The first asked for the type and number of drinks that were 
consumed in a typical drinking occasion (from which the number of standard drinks was derived). The 
second asked for the frequency of drinking occasions (days per week). For Time 1 and Time 2, aDAC 
in the preceding 12 months was calculated by dividing the amount of ethanol in gram consumed in a 
typical drinking occasion (a standard drink equals nine gram of ethanol) by the frequency of drinking 
occasions. Demographic and military variables (age, marital status, education, economic status, rank, 
unit) were obtained as self-report measures within the interview. Based on the existing literature, 
potential predictors (measured prior to deployment) and correlates (measured after deployment) of 
changes in aDAC were selected from the variable set of the PID-PTSD+³-study. Aspects of mental 
health were included as putative predictors (mental health status before deployment) and correlates 
(change of mental health status in the follow-up period) since both were shown to be related to 
changes in alcohol consumption (Kline et al., 2014; Marshall et al., 2012) but would have different 
implications for possible interventions. 
 
5.3.3 Predictors (assessed at Time 1) 
 
As aspects of mental health prior to deployment we assessed posttraumatic stress disorder (PTSD) 
symptoms within the preceding four weeks with the PTSD Checklist (Bliese et al., 2008), and anxiety 
and depressiveness within the preceding seven days with the Hospital Anxiety and Depression Scale 
(Zigmond & Snaith, 1983). A four-item score (range 0-16) from the Depression Screening 
Questionnaire (DSQ-34, Wittchen & Perkonigg, 1997) was used to cover sleeping problems at Time 
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1. Furthermore, resiliency was assessed with the 10-item Connor Davidson Risk and Resilience 
Inventory (CD-RISK 10, Campbell-Sills, Forde, & Stein, 2009), adverse childhood experiences with 
the emotional neglect subscale of the childhood trauma questionnaire (CTQ, Bernstein et al., 2003), 
and acceptance as a trait component with the Action and Acceptance Questionnaire (ACQ, Bond et 
al., 2011).  
 
5.3.4 Correlates (assessed at Time 2) 
 
The number of combat experiences during deployment was assessed after return from deployment 
using the list of the Mental Health Advisory Team (MHAT IV, 2006), difficulties in the mission 
environment were measured with the Difficult Living and Working Environment Scale of the 
Deployment Risk and Resilience Inventory (King et al., 2006). The latter comprehends repeated 
irritations and pressures related to life during military deployment such as poor living arrangements, 
uncomfortable climate and difficulties in handling cultural differences. Aspects of the mental health 
status following deployment were assessed using the same instruments as were used at Time 1. 
Only the DSQ score for sleeping problems was replaced by the Pittsburgh Sleep Quality Index (PSQI, 
Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). A high correlation between the DSQ and the 
PSQI sleeping problem scores of r=.74 (p<0.001) stemming from a large deployed sample (Wittchen, 
Schönfeld, Kirschbaum, et al., 2012) indicates good comparability. For the assessment of social 
support after deployment, participants were asked about the number of close relations to other 
persons who they can trust and share problems with. Negative cognitions and appraisals following SE 
were assessed for the preceding four weeks with 26 items taken from the Posttraumatic Cognitions 
Inventory (PTCI, Foa, Ehlers, Clark, Tolin, & Orsillo, 1999) and the Interpretation of PTSD Symptoms 
Inventory (IPSI, Clohessy & Ehlers, 1999). The resulting score of items from the last two 
questionnaires showed a good internal consistency (α=.83). 
 
5.3.5 Statistical analysis 
 
First, increased, stable and decreased aDAC during the follow-up period were defined. Since one of 
the study aims was to investigate putative differential predictors and correlates of decrease and 
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increase in aDAC we used this categorization instead of a single dimensional measure of change. For 
the definition of change in aDAC, the deviations (residuals) from the expected value at Time 2 
predicted by the value at Time 1 were calculated. This was done by fitting a linear regression model 
regressing the Time 2 value on the Time 1 value (b=0.59, 95%CI 0.47-0.71, p<0.001). The linear 
prediction of the Time 2 value was obtained and this value was subtracted for each participant from 
his observed value. The resulting residual is a measure of change in aDAC relative to the average 
change in the sample. If the linear model describes the change from Time 1 to Time 2 adequately the 
residuals are independent from the Time 1 values, and the results are not biased by regression to the 
mean. The respective regression diagnostic was done with a residual plot (predicted values against 
residuals) and gave no indication of misfit. The residuals were then used to define individuals with 
increased, stable or decreased aDAC, respectively. Individuals were considered as having an 
increased consumption if their residual was in the highest quintile (n=72). Likewise, decrease was 
defined as belonging to the lowest quintile (n=71), while the remaining three middle quintiles were 
considered as “stable” (n=215). This was done because it distinguishes more clearly between 
decreased and increased aDAC compared to the use of terciles which seemed necessary to detect 
associations because of the restricted sample size. Subsequently, differences between these 
resulting three groups were analyzed by fitting regression models according to the distribution of the 
respective outcome at Time 1 or 2: binary or multinomial logistic regression models for categorical 
outcomes and either linear regression or generalized linear models for dimensional variables. 
Specifically, gamma regressions with logarithmic link function were fitted to model outcomes with 
positively skewed distribution (e.g. the depressive symptom score) after subtracting the theoretical 
minimum of a scale so that the theoretical minimum became 0, as required by gamma distribution. All 
models with outcomes on mental health, mission-related and individual factors were adjusted for age 
(interval scaled), education (high=high school, middle=junior high school, low=vocational 
school/secondary modern school) and self-reported socioeconomic status (self-rated on a 10-point 
scale, categorized in high=8-10, middle=5-7, low=1-4). Predictions of mental health outcomes at Time 
2 were additionally adjusted for the respective mental health status at Time 1 to ensure that the 
results can be attributed to change during the follow-up period and do not just reflect the possibility 
that alcohol use and mental health indicators could be generally associated with one another. 
Statistical inference (confidence intervals, p-values) was based on the robust Huber–White-sandwich 
estimator of standard errors (Royall, 1986) if this revealed considerably different results compared to 
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conventional model-based estimations. The difference in aDAC between Time 1 to Time 2 in the total 
sample was tested using a Wilcoxon matched-pairs signed-ranks test. Statistical significance was 
evaluated two-sided at the 5% level. Odds Ratios (ORs) (for logistic regressions) and mean ratios 
(MR) (for gamma regressions) with their 95% confidence intervals were used to quantify associations. 
Associated p-values from Wald chi squared tests are reported. All analyses were conducted with 
Stata 12.1 (Stata Corp., 2012). 
 
5.4  Results 
 
5.4.1 Courses of aDAC 
 
Overall, the unadjusted difference in aDAC between Time 1 to Time 2 (median=0.0g, inter quartile 
range=11.3g) was not statistically significant. Values of aDAC in the preceding 12 months for Time 1 
and Time 2 are shown in Table 5 for the three analysis groups. 
 
Table 5: Daily alcohol use in subjects with different courses of alcohol consumption 
Change in daily alcohol consumption in 
subgroups 
Total Decreased Stable Increased 
(n=358) (n=72) (n=215) (n=71) 
  median IQR  median IQR  median IQR   median IQR
Daily alcohol consumption (gram) at T1 7.1 18.0 21.9 23.5 5.1 10.0 9.6 21.2
Daily alcohol consumption (gram) at T2 7.7 14.1 5.8 5.8 5.8 10.6 28.9 22.5
Difference between T1 and T2 (gram) 0.0a 11.3 -15.8 18.6 0.0 5.1 13.5 14.1
Note. T1=before deployment, T2=12 months after return from deployment, IQR=inter quartile range 
aDifference between T1 and T2 was not statistically significant 
 
5.4.2 Predictors of different courses of aDAC 
 
Differences in characteristics between soldiers with decreased, stable and increased aDAC prior to 
deployment are shown in Table 6. Soldiers with an increase were less likely to have a high education 
(OR: 0.3, 95%CI: 0.1–0.7, p=0.008) than soldiers with a stable aDAC. With regard to military 
characteristics, soldiers with an increase in aDAC also had a higher probability to be in enlisted ranks 
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than soldiers with a stable aDAC which was marginally significant (OR: 2.0, 95%CI: 1.0-4.1, p=0.050). 
In comparison to a stable aDAC, an increase in aDAC was also associated with a lower acceptance 
(MR: 0.97, 95%CI 0.93-1.00, p=0.053) by trend.  
Individuals with a decrease in aDAC reported 66 percent less PTSD symptoms prior to deployment 
(MR: 0.34, 95%CI: 0.16-0.72, p=0.005) and, although only marginally significant, a 22 percent lower 
degree of childhood neglect (MR: 0.78, 95%CI: 0.60-1.00, p=0.050) compared to individuals with a 
stable aDAC. All other differences regarding characteristics assessed prior to deployment between the 
three different courses of aDAC were neither statistically significant nor significant by trend (p>0.06). 
  
Predictors of changes in daily alcohol consumption in the aftermath of military deployment 66 
Table 6: Predictors of different courses of alcohol consumption 
    Change in daily alcohol consumption     
    Decreased  Stable  Increased  Odds ratio1/Mean ratio2a (95%CI) 
    (n=72)  (n=215)  (n=71)     
      n %  n %  n %  
Decreased vs 
stable 
Increased vs 
stable 
Increased vs 
decreased 
Demografic characteristics             
  Age, mean (SD) 28.5 6.4  29.1 6.3 27.7 5.7  -0.6 (-2.2–1.1)b -1.4 (-3.0–0.3)b -0.8 (-2.9–1.2)b
  Marital status             
   Unmarried 56 77.8  166 73.8 58 81.7  1.0 (0.5–1.9) 1.3 (0.7–2.6) 1.3 (0.6–2.9) 
   Married 16 22.2  48 26.2 13 18.3  ref ref ref 
  Educationc             
   Low 11 15.3  40 18.6 16 22.5  0.7 (0.3-1.4) 1.0 (0.5-2.0) 1.5 (0.6-3.6) 
   Middle 52 72.2  127 59.1 50 70.4  ref ref ref 
   High 9 12.5  48 22.3 5 7.0  0.5 (0.2-1.0) 0.3 (0.1-0.7)* 0.6 (0.2-1.8) 
  Economic statusd             
   Low 2 2.8  5 2.3 3 4.2  1.2 (0.2-6.2) 1.7 (0.4-7.2) 1.4 (0.2-8.9) 
   Middle 55 76.4  160 74.8 58 81.7  ref ref ref 
   High 15 20.8  49 22.9 10 14.1  0.9 (0.5-1.7) 0.6 (0.3-1.2) 0.6 (0.3-1.5) 
                
Military characteristics             
  Rank             
   Enlisted ranks 28 40.0  89 41.8 43 61.4  0.7 (0.4-1.3) 2.0 (1.0-4.1)† 3.0 (1.2-7.0)* 
   
Non–commissioned 
officers 37 52.9  98 46.0 24 34.3  ref ref ref 
   
Commissioned 
officers 5 7.1  26 12.2 3 4.3  0.9 (0.3-3.1) 1.0 (0.3-3.6) 1.1 (0.3-4.8) 
  Unit              
   Combat 39 54.2  123 58.0 45 64.3  0.8 (0.4-1.4) 1.2 (0.6-2.1) 1.5 (0.7-3.0) 
   Non-combat 33 45.8  89 42.0 25 35.7  ref ref ref 
          
          
   mean SD  mean SD  mean SD     
Mental Health Status T1        
 PTSD Symptomse 0.8 2.8  2.2 4.6 2.3 5.5  0.3 (0.2-0.7)** 0.8 (0.4-1.7) 2.4 (0.99-5.8)
 Sleeping problemsf 1.7 2.2  2.1 2.7 2.2 3.0  0.8 (0.6-1.2) 1.0 (0.7-1.4) 1.2 (0.8-1.8) 
 Depressivenessg 2.0 2.3  2.1 2.5 2.2 2.3  0.9 (0.6-1.2) 1.1 (0.8-1.6) 1.3 (0.8-1.9) 
 Anxietyg 3.7 2.9  3.7 3.1 4.3 3.3  1.0 (0.8-1.2) 1.2 (0.95-1.5) 1.2 (0.9-1.6) 
          
Individual characteristics        
 Acceptanceh 58.7 6.0  58.8 6.0  56.7 7.2  1.0 (0.96-1.0) 0.97 (0.9-1.0) 1.0 (0.9-1.0) 
 Resiliencei 31.3 4.6  30.4 4.8  30.4 4.4  1.0 (0.99-1.1) 1.0 (0.96-1.1) 1.0 (0.9-1.0) 
 
Childhood emotional 
neglectj 7.8 2.6  8.5 3.4  8.4 3.3  0.8 (0.6-1.0)† 1.0 (0.8-1.3) 1.3 (0.9-1.8) 
Note. ref=reference category
1for categorical outcomes, 2for dimensional outcomes 
amilitary characteristics were adjusted for age, education, socioeconomic status, marital status; mental health status at T1 and individual 
characteristics were adjusted for  age, education, socioeconomic status, marital status, rank, unit 
bbeta coefficient 
chigh=high school, middle=junior high school, low=vocational school/secondary modern school 
dself-rated on a 10-point scale, categorized in high=8-10, middle=5-7, low=1-4 
e Posttraumatic stress disorder checklist-score (range 0-51) 
fFour-item score from the Depression Screening Questionnaire (range 0-16) 
gHospital Anxiety (range 0-21) and Depression Scale (range 0-21)-scores 
hAction and Acceptance Questionnaire-score (range 10-70) 
iConnor Davidson Risk and Resilience Inventory-score (range 0-40) 
jChildhood trauma questionnaire subscale-score (range 5-25) 
†p=.05 *p<.05 **p<.01  
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5.4.3 Correlates of different courses of aDAC 
 
Differences in characteristics between individuals with decreases, stable and increased aDAC 
assessed after deployment are shown in Table 7. Soldiers with an increase in aDAC reported 15 
percent more sleeping problems (MR: 1.15, 95%CI: 1.00-1.31, p=0.045) after deployment compared 
to individuals with a stable aDAC. Individuals with an increase in aDAC reported 132 percent more 
negative post-event cognitions (MR: 2.32, 95%CI: 1.28-4.21, p=0.006) and 16 percent lower social 
support (MR: 0.84, 95%CI: 0.71-0.99, p=0.043), compared to subjects with a stable aDAC. No further 
statistically significant differences were found.   
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Table 7: Correlates of different courses of alcohol consumption 
    Change in daily alcohol consumption    
    Decreased  Stable  Increased  Mean Ratio (CI)a
    (n=72)  (n=215)  (n=71)     
      mean SD  mean SD  mean SD  
Decreased vs 
stable 
Increased vs 
stable 
Increased vs 
decreased 
Mental Health Status T2b             
  PTSD Symptomsc 1.2 2.7  2.1 4.4  3.2 6.2  0.7 (0.4-1.3) 1.6 (0.9-2.9) 2.2 (1.0-4.7)
  Sleeping problemsd 5.5 2.7  5.2 2.8 5.9 2.6  1.1 (0.95-1.3) 1.2 (1.0-1.3)* 1.1 (0.9-1.2) 
  Depressivenesse 1.7 2.4  2.1 2.7 2.3 2.5  0.8 (0.6-1.1) 1.3 (0.9-1.9) 1.7 (1.1-2.5)* 
  Anxietye 3.1 2.9  3.3 3.3 3.8 3.3  0.9 (0.7-1.1) 1.2 (0.9-1.5) 1.3 (0.95-1.8) 
                
Mission characteristics             
  Combat exposuref 28.4 37.7  27.2 29.4  28.4 27.7  1.0 (0.8-1.4) 1.0 (0.7-1.4) 1.0 (0.7-1.4) 
 
Difficult mission 
environmentg 48.9 9.9  47.8 10.0  47.5 10.1  1.0 (0.9-1.1) 0.9 (0.9-1.0) 0.9 (0.8-1.0) 
                
Individual characteristics             
  Social supporth 5.6 6.2  5.4 3.5  4.6 2.7  1.0 (0.9-1.3) 0.8 (0.7-0.99)* 0.8 (0.6-1.0) 
 
Negative post-event 
cognitionsi 30.1 9.4  31.7 12.1  35.4 17.0  0.8 (0.4-1.5) 2.3 (1.3-4.2)** 2.9 (1.3-6.2)** 
Note. T1=before deployment, T2=12 months after return from deployment
aadjusted for age, education, socioeconomic status, marital status, rank, unit 
badjusted for status at T1 
cPosttraumatic Stress Disorder Checklist-score (range 0-51) 
dPittsburgh Sleep Quality Index-score (range 0-21) 
eHospital Anxiety (range 0-21) and Depression Scale (range 0-21)-scores 
fnumber of combat events as used by the Mental Health Advisory Team 
gDifficult Living and Working Environment Scale-score (range 20-100) 
hnumber of close relations 
i26 item-score from the Posttraumatic Cognitions Inventory and the Interpretation of PTSD Symptoms Inventory (range 26-104) 
*p<.05 **p<.01 
 
5.5 Discussion 
 
Examining changes in alcohol use after deployment in a sample of military personnel we observed the 
following main results: (1) A lower proportion of high-educated and lower rank prior to deployment 
predicted a deployment-related increase in aDAC but were not related to a aDAC decrease. (2) 
Sleeping problems, a lack of social support and negative cognitions following deployment were 
correlates of an increase in aDAC but were not related to decrease in aDAC. (3) A lower degree of 
PTSD symptoms before deployment and a lack of emotional neglect in childhood were specifically 
associated with decrease in aDAC.  
In contrast to most previous studies reporting increases in measures of alcohol use in the aftermath of 
military deployment (Browne et al., 2008; Wilk et al., 2010), we found no significant differences 
between aDAC before and following deployment for the total sample. These previous studies (Browne 
et al., 2008; Wilk et al., 2010) focused on SUD or problematic use patterns instead of alcohol use 
which might partially explain the different findings. It should also be considered that previous cross-
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sectional data show lower rates of SU in German deployed personnel compared to international 
studies (Trautmann et al., 2014). Thus, at this point it is unclear to which extend the presented findings 
are transferable to other nations that show considerably higher rates of alcohol use in military 
populations (Sundin et al, 2011). Beyond that, there was a high variability in deployment-related 
changes in aDAC indicated by considerable increases and decreases in the respective analysis 
groups. Taken together, these findings support the notion that deployment is not associated with 
increases in alcohol consumption per se which underlines the necessity to consider potential 
moderators. Moreover, our data suggest that different courses of alcohol consumption better reflect 
the relationship between deployment and alcohol use than sole measures of increases. 
Several characteristics measured prior to deployment predicted an increase in aDAC. We found 
enlisted ranks to have the highest risk for deployment-related increases in alcohol consumption 
compared to non-commissioned and commissioned officers which is in line with previous data (Bray & 
Hourani, 2007). The association with military rank does probably overlap with relations to age and 
education but might also reflect an effect of being less responsible for other individuals. This could be 
related to a “lower barrier” to engage in risky behaviors such as alcohol consumption during or in the 
aftermath of deployment. This is supported by recent findings on the inverse relation between social 
responsibility and SU (Martin, Benotsch, Cejka, & Luckman, 2014). Finally, a lower degree of 
acceptance predicted an increase in aDAC by trend. Individuals with a low trait acceptance could be 
less likely to overcome negative emotions and cognitions related to SE (Thompson, Arnkoff, & Glass, 
2011) which might be related to a higher probability of alcohol use. Acceptance-oriented measures 
have already shown effects in the treatment of other stress-related disorders (Walser & Hayes, 2006) 
and might be a promising approach to complement coping-oriented measures to prevent deployment-
related increases in alcohol use. 
In addition to predictors of increases in aDAC we also found related factors that occurred during or 
after deployment. This could have important implications as it might indicate that factors being relevant 
for increases in alcohol use can be targeted with preventive measures before as well as with early 
interventions following deployment. In particular, sleeping problems were associated with an increase 
in aDAC. One may speculate that this association might reflect self-medication processes to overcome 
stress-related sleep disturbances (Lazareck et al., 2012). However, since the temporal order of events 
is not established, alcohol consumption could also contribute to sleeping problems (Roehrs & Roth, 
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2001). Overall, we found relatively few associations between increase in aDAC and measures of 
mental health following deployment compared to other studies (e.g. Marshall et al., 2012; Shipherd et 
al., 2005). This might be due to the fact that the majority of the overall sample had very low symptom 
scores. Against this background, subjects with sleeping problems might be particularly vulnerable to 
increases in alcohol use even in the absence of other psychological symptoms. This would be relevant 
for the identification of individuals that could benefit from early interventions in stress exposed samples 
with little overall mental health impairments. In addition, social support after deployment was inversely 
related to increases in aDAC. This finding is in line with previous studies on the relation between social 
support and adverse mental health outcomes after SE and does further underline the importance of 
targeting not only individual but also environmental factors in early interventions (e.g. Pietrzak, 
Johnson, Goldstein, Malley, Rivers, et al., 2009). Negative cognitions following SE were also 
associated with an increase in aDAC. Considering the importance of cognitive processing of SE for the 
risk of other adverse mental health outcomes (Brewin & Holmes, 2003), there might also be benefits 
for the prevention of deployment-related increases in alcohol use from interventions that focus on the 
modification of dysfunctional interpretations of adverse experiences. Surprisingly, we did not find 
higher rates of mission-related SE (e.g. combat events) in individuals with increased aDAC compared 
to the other groups. This is a noteworthy finding as it indicates that adverse mission experiences alone 
might not be sufficient to explain the risk of deployment-related increases in alcohol consumption. 
Previous studies study further suggested that rather specific mission events than the number of events 
are associated with alcohol use (Russell et al., 2014, Wilk et al., 2010). Overall, all factors related to 
increases in alcohol consumption were found to be unrelated to decrease in alcohol use indicating that 
they might not or only combination with other factors be relevant for a potential reduction in alcohol 
use in the aftermath of SE. 
Beyond the suggested predictors and correlates of increases in aDAC our results reveal first evidence 
for specific predictors for decreases in aDAC. Interestingly, we found a higher probability for 
decreases in aDAC in individuals with a low PTSD symptom score prior to deployment. This finding 
seems to be specific for PTSD as we found no such relations for depressiveness and overall anxiety 
prior to deployment. This could indicate that concrete symptoms might be more relevant for decreases 
in alcohol use than generic measures of adverse emotional states, probably due to a higher severity 
and persistence. Since it is likely that a high percentage of the study sample has experienced previous 
stressful and traumatic events (McLaughlin, Conron, Koenen, & Gilman, 2010), the subgroup 
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characterized by low PTSD symptom scores prior to deployment might be generally more likely to 
overcome SE without developing symptoms of PTSD. Another factor, namely emotional childhood 
neglect, was found to be inversely related to decrease in aDAC. Small degrees of childhood neglect 
involve an emotional and caring environment which is associated with secure attachment. This was 
shown to be related to a faster recovering of SE (Mikulincer & Shaver, 2012). Taken together, one 
might speculate that low PTSD symptoms prior to deployment and low degrees of childhood neglect 
might characterize individuals being resilient to adverse consequences of SE. The association 
between this kind of resilience and decrease in alcohol consumption might be mediated by the 
obligation to limit alcohol consumption (German Federal Ministry of Defence, 2011) or an increased 
sense of responsibility during deployment. Individuals who are resilient might have a higher probability 
to stay on this lower consumption level compared to others. This is partially supported by our data 
showing slightly lower PTSD scores following deployment in subjects with decreased compared to 
increased aDAC. These novel findings have to be further investigated in greater detail. 
This study has several limitations which have to be taken into account. Although the group comparison 
made in this study allows an assessment of potential predictors and correlates, there are other 
analysis methods (e.g. latent growth modelling) and other ways of defining courses of alcohol 
consumption which were not feasible in this study and might lead to different results in similar 
investigations. Since only male soldiers could be included in this study component the suggested 
findings might not apply to females. There is no information available about overlap and interactions of 
the examined predictors and correlates which does not allow a final evaluation of the contribution of 
these factors to changes in alcohol consumption. In general, conclusions from the presented data 
have to be drawn with caution because of the restricted sample size. The aim of this study rather was 
a comprehensive investigation of potentially relevant factors. Finally, the presented data also allow no 
conclusions about the temporal sequence of factors assessed after deployment (e.g. mission-related 
factors, social support, negative cognitions) and changes in alcohol consumption. Future research is 
needed to validate the suggested findings in larger samples including females with different stressful 
conditions. Moreover, future studies are needed to prove whether the associations suggested in this 
study can also be found in other nations with a different military structure and higher rates of alcohol 
consumption. The individual contribution as well as the interactions of the suggested predictors and 
correlates of changes in alcohol consumption could be tested based on hypotheses that can be 
derived from this study.  
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In summary, we showed that some demographic, mission-related, individual and mental health-related 
factors that occur either before or in the aftermath of deployment can be related to different courses of 
alcohol consumption. There was also first evidence for differential characteristics of increase and 
decrease in alcohol use. Screening of these factors might allow the early identification of individuals 
who are at risk for changes in alcohol consumption. Overall, the findings could stimulate the 
development of new hypotheses on processes underlying different courses of alcohol use related to 
SE. Preventive measures and early interventions that consider these processes might be able to 
reduce excessive alcohol use, partially by facilitating decreases in alcohol consumption after SE such 
as military deployment.  
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6 Associations between lifetime PTSD symptoms and current substance 
use disorders using a five-factor model of PTSD 
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6.1  Abstract 
 
This paper aimed to extend the existing knowledge on the association between PTSD symptoms, 
alcohol use disorders (AUD) and nicotine dependence (ND) by distinguishing between anxious and 
dysphoric arousal PTSD symptoms and by considering the putative contribution of additional 
comorbidity. Data stem from a cross-sectional study in a stratified, representative sample of 1483 
recently deployed soldiers using standardized diagnostic interviews. All lifetime PTSD symptom 
clusters (occurrence of any symptom and number of symptoms) were associated with current AUD 
and ND in crude models except that anxious arousal was not related to AUD. Associations were 
reduced in magnitude when controlling for comorbidity. Current ND was related to the occurrence of 
any emotional numbing and to the number of re-experiencing symptoms above the contribution of 
other symptom clusters and comorbidity. In conclusion, associations between PTSD symptoms, AUD 
and ND may be partially attributable to additional comorbidity. Findings also yield further evidence for 
a role of emotional numbing and re-experiencing symptoms in the comorbidity between PTSD and ND 
and for a distinction between dysphoric and anxious arousal PTSD symptoms. 
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6.2  Introduction 
 
The objective of this paper was to investigate associations between specific  lifetime posttraumatic 
stress disorder (PTSD) symptom clusters and two current SUD: AUD and ND. Since heterogeneity in 
previous findings could be attributable to potential effects of comorbid disorders and heterogeneity 
within the hyperarousal cluster, we expanded upon existing work by distinguishing between dysphoric 
and anxious arousal PTSD symptoms and by taking into account the contribution of comorbidity. 
Soldiers with previous deployments, especially those in combat roles, have an elevated risk for the 
experience of traumatic events and for the development of PTSD (Goodwin & Rona, 2013; Wittchen, 
Schönfeld, Kirschbaum, et al., 2012). Findings in civilian and military samples also suggest that PTSD 
often co-occurs with SUD (Jacobsen et al., 2001) of which AUD and ND are the most prevalent in 
military populations (Seal et al., 2011; Trautmann et al., 2014). Despite conclusive evidence for an 
associations between PTSD, AUD and ND in general, it has to be noted that PTSD is a complex 
disorder comprising various different symptoms that are characterized by different physiological, 
behavioral and psychological processes which can be differently related to the use of substances such 
as alcohol and nicotine (Garland, Pettus-Davis, & Howard, 2013; Kushner et al., 1996; Le Moal & 
Koob, 2007; Stevens et al., 2008). Special efforts have been made to identify specific PTSD 
symptoms that are associated with the occurrence of AUD and ND to be able to describe individuals 
being at high risk for comorbidity and to generate hypotheses about its etiology. 
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Table 8: Mapping of the DSM-IV-TR PTSD symptoms to different factor models 
PTSD symptoms Model 
 3-factor 4-factor 5-factor 
  DSM-IV Dysphoria 
Emotional 
Numbing 
Dysphoric 
arousal 
B1. Intrusive thoughts R R R R 
B2. Recurrent dreams R R R R 
B3. Flashbacks R R R R 
B4. Emotional reactivity R R R R 
B5. Physiological reactivity R R R R 
C1. Avoiding thoughts of trauma A A A A 
C2. Avoiding reminders of trauma A A A A 
C3. Inability to recall aspects of trauma A D N N 
C4. Loss of interest A D N N 
C5. Detachment A D N N 
C6. Restricted affect A D N N 
C7. Sense of foreshortened future A D N N 
D1. Sleep disturbance H D H DA 
D2. Irritability/anger H D H DA 
D3. Difficulties concentrating H D H DA 
D4. Hypervigilance H H H AA 
D5. Exaggerated startle response H H H AA 
Note. R=Re-experiencing; A=Avoidance; H=Hyperarousal; D=Dysphoria; N=Emotional numbing; DA=Dysphoric Arousal; 
AA=Anxious Arousal. 
Adapted from Harpaz-Rotem et al. (2014) 
 
In the last two decades, various latent factor models of PTSD have been proposed and used to 
analyze the relationship between PTSD symptoms, AUD and ND (Table 8). The DSM-IV manual 
suggests a three factor structure comprising symptoms of re-experiencing, avoidance and 
hyperarousal. Other models have suggested four factors: the dysphoria model (Simms, Watson, & 
Doebbeling, 2002) and the emotional numbing model (King, Leskin, King, & Weathers, 1998). Both 
models comprise the re-experiencing and the hyperarousal cluster of the DSM-IV model. In the 
dysphoria model, the DSM-IV avoidance cluster is separated into avoidance and dysphoria symptoms 
while the emotional numbing model distinguishes between avoidance and emotional numbing 
symptoms (Table 8). Various, mostly cross-sectional studies have been conducted to analyze the 
relation between symptoms of these three and four-factor models and the risk for AUD and ND. Strong 
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evidence from these studies has emerged for an association between emotional numbing symptoms 
and different measures of SUD and SU related to alcohol and nicotine. In fact, these associations 
were found for heavy smoking (Cook et al., 2009), smoking intensity (Joseph et al., 2012) and alcohol 
misuse (see Debell et al., 2014 for a review), although it has to be considered that Cook et al. (2009) 
did not control for other PTSD clusters. It has been suggested that individuals use substances like 
alcohol and nicotine to compensate the blunted affect that can be part of the PTSD symptomatology 
since these substances can have a positive effect on mood and negative emotions (King, de Wit, 
McNamara, & Cao, 2011; Picciotto, Brunzell, & Caldarone, 2002). However, other studies suggest that 
hyperarousal symptoms are related to AUD, ND or measures of alcohol and nicotine use in addition or 
instead of emotional numbing symptoms. This could be shown particularly for the risk of alcohol use 
(Zahradnik et al., 2011) without, and for alcohol use problems (Taft et al., 2007) and ND (Greenberg et 
al., 2012) with consideration of other symptom clusters. This finding is often explained by a relieving 
effect of alcohol and nicotine use on tension, anxiety and stress (Beckham et al., 1997; Beckham et 
al., 2008; Bradford, Shapiro, & Curtin, 2013) which could make subjects with hyperarousal symptoms 
more vulnerable to AUD and ND. Some evidence also exists for relations between avoidance 
symptoms and ND (Baschnagel, Coffey, Schumacher, Drobes, & Saladin, 2008), between avoidance 
and smoking (Kirby et al., 2008; only bivariate association) as well as for associations between re-
experiencing and alcohol use problems (Pietrzak, Goldstein, Malley, Rivers, & Southwick, 2010) and 
ND (Weaver & Etzel, 2003). Pietrzak et al. (2010) further showed a relation between dysphoria 
symptoms and alcohol use problems. These associations are also explained by an attempt to avoid 
aversive emotions related to re-experiencing and to counteract dysphoric emotional states 
(Baschnagel et al., 2008). To summarize, findings from three- and four-factor models of PTSD suggest 
that AUD, ND or measures of alcohol and nicotine use can be related to emotional numbing, but also 
to hyperarousal, re-experiencing and avoidance symptoms. As shown above, these findings vary 
considerably between studies suggesting that there might be factors that could be relevant for 
associations between PTSD symptoms, AUD and ND. 
First, recent studies have argued that hyperarousal is not a uniform symptom cluster and can better be 
described with two distinct clusters of dysphoric and anxious arousal symptoms as proposed in a 
recently suggested five factor model of PTSD (Armour, Carragher, & Elhai, 2013; Elhai & Palmieri, 
2011; Pietrzak, Tsai, Harpaz-Rotem, Whealin, & Southwick, 2012). Dysphoric arousal includes 
symptoms like restlessness and agitation while anxious arousal describes more fear-based symptoms 
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as exaggerated startle response and hypervigilance (Table 8). Several studies suggest that the use of 
psychoactive substances, especially alcohol, does not necessarily reduce these fear-based symptoms 
(Stevens et al., 2008) and that some individuals even experience an increase in these symptoms in 
consequence of chronic SU (Kushner et al., 2000) which might result in a decreased probability to use 
these substances. Thus, the two distinct arousal clusters could be differentially related to the risk for 
SUD (Harpaz-Rotem, Tsai, Pietrzak, & Hoff, 2014) which might at least partially explain the 
heterogeneity in previous findings on associations between hyperarousal symptoms, AUD and ND. 
Second, there is noteworthy evidence that associations between PTSD, AUD and ND are partially 
attributable to the existence of additional comorbid disorders. For example, Pietrzak, Goldstein, 
Southwick, & Grant (2011) showed that associations between PTSD and both AUD and ND were 
reduced in magnitude when controlling for other mental disorders. This is supported by findings 
suggesting that SUD are linked to psychopathology in general rather than to the specific influence of 
PTSD (Sartor et al., 2010), and that self-medication of PTSD symptoms is more common when criteria 
for other disorders are also met (Leeies et al., 2010). Only one of the abovementioned studies on the 
relation between PTSD symptom clusters fully controlled for Axis-I comorbidity (Greenberg et al., 
2012). Other studies only controlled for depression (Cook et al., 2009; Joseph et al., 2012; Weaver & 
Etzel, 2003; Zahradnik et al., 2012) or did not consider comorbidity at all (Baschnagel et al., 2008; 
Kirby et al., 2008; Pietrzak et al,. 2010; Taft et al., 2007). As these studies have been conducted in 
different samples with varying probabilities of comorbid disorders (e.g. veterans, trauma-exposed, 
adolescents), this might have contributed to the heterogeneity of previous findings. 
In the present study which is based on standardized interview data of military personnel, we aimed to 
investigate associations between lifetime PTSD symptoms and current AUD and ND using the five-
factor dysphoric arousal model. In a second step of analysis, we considered the contribution of 
additional comorbid disorders. Based on theoretical considerations and empirical findings, we 
hypothesized that taking into account comorbid disorders would reduce the association between 
PTSD symptoms and the examined SUD, and that emotional numbing would show the strongest 
relation to AUD and ND. 
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6.3  Methods 
 
6.3.1 Participants and procedure 
 
Data stem from the cross-sectional program of the PID-PTSD+3-study. From a total of N=10,055 
soldiers deployed in the 2009/2010 German ISAF mission in Afghanistan we took a stratified random 
sample of 3493 soldiers. Soldiers in combat units as an assumed high risk group were drawn with a 
higher probability (22.7% in the reference population vs. 38.5% in the stratified random sample) to 
ensure sufficient statistical power for the analysis of psychological morbidity. 1894 subjects were not 
eligible due to relocation, discharge, training courses or sick leave. An examination of medical records 
of soldiers being on sick leave did not indicate selective non-participation. Of all 1599 eligible soldiers 
(100%), n=1483 (response rate: 92.8%) finally participated, 102 (6.4%) refused participation, 7 (0.4%) 
did not appear at the scheduled examination. Subjects were examined about 12 months after return 
from deployment at their home base locations. Details about design, sampling and procedures of the 
PID-PTSD+3 study program have been published previously in Wittchen, Schönfeld, Thurau, et al. 
(2012). 
 
6.3.2 Measures 
 
For the assessment of mental disorders, the Munich-Composite International Diagnostic Interview 
(Wittchen & Pfister, 1997), a fully-standardized diagnostic interview was applied. The reliability and 
validity of the instrument have been demonstrated in several studies (Lachner et al., 1998; Wittchen et 
al., 1998). Since evidence from longitudinal studies suggests that SUD mostly occur subsequent to the 
onset of PTSD (Jacobsen et al., 2001), we aimed to include a minimal temporal component in this 
cross-sectional study to facilitate the interpretation of the findings. Since a strict definition of sequence 
using age of onsets and an exclusion of current PTSD cases were not feasible in this study 
component we analyzed lifetime PTSD but included only current (last 12 months) cases in the 
definition of AUD and ND. Lifetime axis I mental disorders as well as current AUD (abuse or 
dependence) and ND were defined according to the DSM-IV criteria (American Psychiatric 
Association, 2000). For the investigation of the relationships between specific lifetime PTSD symptoms 
and current AUD and ND we used the five-factor dysphoric arousal model (Enhai & Palmieri, 2011). 
This model includes the factors re-experiencing, avoidance, emotional numbing, dysphoric arousal 
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and anxious arousal. Several studies have shown a better fit of this model compared to three and four-
factor models (Armour et al., 2013; Elhai & Palmieri, 2011; Pietrzak et al., 2012). Since both any 
occurrence and the severity of PTSD symptoms were of interest we used two measures to represent 
the symptom clusters. In the first, soldiers were counted in a symptom cluster if they reported at least 
one of the respective symptoms. In the second definition, the number of reported symptoms was 
assessed for each cluster. For the number of PTSD cluster symptoms, the respective value was 
divided by the theoretical maximum of symptoms in the respective cluster to assure comparability 
between cluster variables. 
 
6.3.3 Statistical analysis 
 
All analyses were weighted taking into account oversampling of combat soldiers and effects of 
eligibility and response. This procedure ensured the representativeness of the presented results for 
the total reference population of the 20th and 21st contingents of the German ISAF Afghanistan mission 
(N=10,055). The detailed weighting procedure has been published in (Wittchen, Schönfeld, Thurau, et 
al., 2012). Descriptive statistics are reported as unweighted frequencies and weighted percentages, 
means and standard deviations. To examine associations between PTSD symptom clusters and 
current SUD we applied logistic regression analysis with the robust Huber-White-sandwich estimator 
of standard errors for weighted data (Royall, 1986). In a first step, we fitted crude models for each 
lifetime PTSD cluster variable (for both definitions) as independent and either current AUD or ND as 
dependent variable. In a second step, we included all PTSD cluster variables in a single logistic 
regression model. All models were adjusted for demographic factors (gender, age, marital status, 
economic status, educational level, rank). Each model was run twice with additionally adjusting for 
lifetime comorbidity in the second model. To cover comorbidity, the number of comorbid disorders as 
well as categories of common mental disorders were included: anxiety disorders (including 
agoraphobia, social anxiety disorder, generalized anxiety disorder, specific phobia, obsessive 
compulsive disorder), mood disorders (major depression, bipolar disorder), somatoform pain disorder, 
alcohol use disorder (abuse and dependence), and ND. For a comparison of model fit we report areas 
under the curve for the multivariate models as a post-estimation after the logistic regression. 
Associations from logistic regression analyses are quantified as Odds Ratios (ORs) with their 95% 
confidence interval, and associated p-values from Wald chi squared tests are reported. Statistical 
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significance was evaluated at the two-sided 5% level. All analyses were conducted with STATA 12.1 
(Stata Corp., 2012). 
 
6.4  Results 
 
6.4.1 Sample 
 
The sample of 1483 soldiers had a mean age of 30.8 (7.7) years and was predominantly male 
(94.8%). 17.9% had higher educational degrees, 66.2% had a middle and 15.9% had a lower 
educational level. The majority was unmarried (59.9%), 22.5% reported a higher, 73.1% a middle and 
4.4% a lower socio-economic status. Regarding military characteristics, 23.4% were deployed in 
combat units, 7.4% belonged to medical service, and 69.3% were deployed in combat support units. 
At the time of assessment, 24.5% of the examined soldiers were enlisted, 62.7% were non-
commissioned officers and 12.8% were commissioned officers. 
 
6.4.2 Prevalence of lifetime PTSD, current SUD and associations between lifetime PTSD and 
current SUD 
 
The lifetime prevalence of PTSD and other mental disorders is shown in Table 9. A total of n=65 
(4.6%) soldiers met the DSM-IV criteria for PTSD at some point in their lives. N=63 subjects (3.6%) 
had a current (last 12 months) AUD and n=162 subjects (10.7%) met the criteria for a current ND. A 
lifetime PTSD diagnosis was associated with current ND (OR: 3.7 95%CI 1.9-7.0, p<.001) and with 
current AUD by trend (OR: 2.9 95%CI 0.9-9.2, p=.065). When adjusting for other lifetime disorders, 
lifetime PTSD and current ND were only associated by trend (OR: 1.9 95%CI 0.97-3.7, p=.061) while 
the relation between lifetime PTSD and current AUD was not statistically significant (OR: 1.3 95%CI 
0.3-5.1, p=.749). 
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Table 9: Lifetime prevalence of PTSD and common mental disorders 
  
 Total sample 
 
(n=1483) 
 Among those with 
PTSD symptoms 
(n=534) 
   n %w  n %w
Diagnosis       
PTSD  65 4.6  65 13.0
Anxiety disorder  241 15.8  140 25.6
Mood disorder  178 10.7  105 18.0
Somatoform pain disorder  50 3.5  28 5.2
Alcohol use disorder  316 18.4  152 24.4
Nicotine dependence  195 13.3  104 21.3
Note. %w=weighted percentage 
Anxiety disorder=social phobia, agoraphobia, generalized anxiety disorder, obsessive 
compulsive disorder, specific phobia 
Mood disorder=major depression, bipolar disorder 
 
6.4.3 Associations between PTSD symptom clusters and current SUD 
 
In the total sample, the mean number of reported PTSD symptoms was 1.8 (SD=3.0). With regard to 
PTSD symptom clusters, the mean number of symptoms was 0.8 (SD=1.2) for re-experiencing (35.5% 
reported any symptoms), 0.2 (SD=0.5) for avoidance (any symptoms: 16.4%), 0.2 (SD=0.7) for 
emotional numbing (any symptoms: 11.5%), 0.4 (SD=0.8) for dysphoric arousal (any symptoms: 
21.2%) and 0.2 (SD=0.5) for anxious arousal (any symptoms: 16.1%). The mean number of symptoms 
per cluster among subjects who reported any symptoms in the respective cluster was also low and lay 
between 1.3 and 2.1. Since the PTSD symptom clusters were supposed to be highly inter-correlated, 
we first calculated correlation matrices of all five cluster variables for both the occurrence of any 
symptoms as well as for the number of symptoms in the respective cluster to facilitate the 
interpretation of the subsequent analyses. Correlations ranged between r=0.42 (between any numbing 
and any anxious arousal symptoms) and r=0.71 (between the number of re-experiencing and 
dysphoric arousal symptoms) and were statistically significant (p<.001). In crude logistic regression 
models, all symptom clusters except anxious arousal were associated with current AUD and all 
clusters were associated with current ND (p<.01). This was the case for both the occurrence of any 
symptom as well as for the number of symptoms in the respective cluster. After adjusting for other 
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disorders, all associations between PTSD symptoms, current AUD and ND were reduced in 
magnitude. In this step, several associations between PTSD symptoms, current AUD, and current ND 
failed statistical significance (Tables 10 and 11).  
 
Table 10: Separate model associations between lifetime PTSD symptoms and current alcohol use 
disorder 
   Model a  Model b 
   OR [95%CI] p OR [95%CI] p 
Symptom cluster (any symptom)       
Re-experiencing  3.4 [1.8-6.3] <.001  2.4 [1.2-4.6] .008 
Avoidance  3.8 [2.0-7.3] <.001  2.3 [1.2-4.7] .016 
Numbing  4.0 [2.1-7.7] <.001  2.4 [1.1-5.0] .022 
Dysphoric Arousal  3.3 [1.8-6.1] <.001  2.0 [1.04-4.0] .034 
Anxious Arousal  1.5 [0.7-3.2] .316  0.9 [0.4-2.2] .803 
       
Symptom cluster (no. of symptoms)       
Re-experiencing  6.5 [2.6-16.0] <.001  3.0 [1.1-8.4] .040 
Avoidance  5.5 [2.4-12.9] <.001  2.8 [1.1-7.1] .030 
Numbing  5.5 [1.8-17.0] .003  1.5 [0.3-6.3] .613 
Dysphoric Arousal  5.7 [2.4-13.2] <.001  2.9 [1.1-7.9] .040 
Anxious Arousal  1.6 [0.7-3.2] .390  0.6 [0.2-2.5] .508 
Note. no.=number 
Model a: adjusted for gender, age, socioeconomic status, education, marital status, rank 
Model b: model a + adjusted for comorbid anxiety disorders, mood disorders, somatoform pain disorder and nicotine 
dependence and number of comorbid disorders 
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Table 11: Separate model associations between lifetime PTSD symptoms and current nicotine 
dependence 
   Model a  Model b 
   OR [95%CI] p OR [95%CI] p 
Symptom cluster (any symptom)       
Re-experiencing  2.4 [1.7-3.5] <.001  1.8 [1.2-2.7] .005
Avoidance  2.3 [1.5-3.5] <.001  1.5 [0.99-2.4] .055
Numbing  3.6 [2.3-5.6] <.001  2.4 [1.5-3.8] <.001
Dysphoric Arousal  2.5 [1.7-3.6] <.001  1.7 [1.1-2.5] .019
Anxious Arousal  2.1 [1.3-3.2] .001  1.5 [0.9-2.3] .087
       
Symptom cluster (no. of symptoms)       
Re-experiencing  6.4 [3.4-12.2] <.001  3.4 [1.7-6.7] .001
Avoidance  3.2 [1.8-5.7] <.001  2.0 [1.1-3.6] .031
Numbing  13.8 [5.2-37.1] <.001  5.3 [2.0-14.1] .001
Dysphoric Arousal  3.4 [1.9-6.1] <.001  1.7 [0.9-3.2] .074
Anxious Arousal  3.0 [1.6-5.5] <.001  1.9 [0.99-3.5] .054
Note. no.=number 
Model a: adjusted for gender, age, socioeconomic status, education, marital status, rank 
Model b: model a + adjusted for comorbid anxiety disorders, mood disorders, somatoform pain disorders and alcohol use 
disorders and number of comorbid disorders 
 
When all cluster variables were jointly included in a model, results were somewhat different depending 
on the definition of PTSD cluster symptoms. For the occurrence of any symptoms in the respective 
cluster, only numbing symptoms were still associated with ND (OR: 2.4, 95%CI: 1.4-4.2, p=.002). This 
association remained statistically significant after adjusting for other disorders. After adjusting for other 
disorders, anxious arousal was also inversely related to the risk of current AUD (OR: 0.4, 95%CI: 0.1-
1.02, p=.056) by trend. All other relations including the occurrence of any cluster symptoms did not 
reach statistical significance (Tables 12 and 13). When using the number of symptoms in the 
respective cluster, both re-experiencing (OR: 4.7, 95%CI: 1.5-14.6, p=.007) and numbing (OR: 4.2, 
95%CI: 1.2-15.0, p=.028) were related to current ND in the multiple model although the association 
between numbing and current ND failed statistical significance after adjusting for other disorders (OR: 
3.1, 95%CI: 0.8-11.1, p=.090).  
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Table 12: Multivariate associations between lifetime PTSD symptoms and current alcohol use disorder 
   Model a   Model b 
   OR [95%CI] p  OR [95%CI] p 
Symptom cluster (any symptom)        
Re-experiencing  2.2 [0.8-5.7] 0.122   2.4 [0.9-6.1] 0.077
Avoidance  1.9 [0.8-4.6] 0.168   1.5 [0.6-3.9] 0.429
Numbing  2.1 [0.9-4.8] 0.088   1.7 [0.7-4.3] 0.258
Dysphoric Arousal  1.2 [0.5-2.9] 0.648   1.0 [0.4-2.5] 0.959
Anxious Arousal  0.5 [0.2-1.1] 0.090   0.4 [0.1-1.02] 0.056
  AUC: 0.739   AUC: 0.792
Symptom cluster (no. of symptoms)        
Re-experiencing  3.2 [0.7-15.2] 0.153   3.1 [0.5-17.3] .202
Avoidance  2.9 [0.9-9.7] 0.076   2.1 [0.6-7.3] .217
Numbing  0.5 [0.1-2.9] 0.466   0.4 [0.1-2.8] .333
Dysphoric Arousal  2.4 [0.5-10.8] 0.242   2.0 [0.4-10.1] .416
Anxious Arousal  0.4 [0.1-1.6] 0.176   0.2 [0.03-1.3] .087
  AUC: 0.737   AUC: 0.789
Note. no.=number, AUC=area under the curve 
Model a: adjusted for gender, age, socioeconomic status, education, marital status, rank 
Model b: model a + adjusted for comorbid anxiety disorders, mood disorders, somatoform pain disorder and nicotine 
dependence and number of comorbid disorders 
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Table 13: Multivariate associations between lifetime PTSD symptoms and current nicotine 
dependence 
   Model a   Model b 
   OR [95%CI] p  OR [95%CI] p 
Symptom cluster (any symptom)        
Re-experiencing  1.5 [0.8-3.0] 0.238   1.6 [0.8-3.1] 0.222
Avoidance  1.0 [0.6-1.8] 0.957   0.9 [0.5-1.6] 0.725
Numbing  2.4 [1.4-4.2] 0.002   2.0 [1.1-3.7] 0.017
Dysphoric Arousal  1.2 [0.7-2.1] 0.522   0.9 [0.5-1.7] 0.834
Anxious Arousal  1.0 [0.6-1.7] 0.984   0.9 [0.5-1.6] 0.759
  AUC: 0.656   AUC: 0.709
Symptom cluster (no. of symptoms)        
Re-experiencing  4.7 [1.5-14.6] 0.007   3.9 [1.2-12.9] .027
Avoidance  1.1 [0.4-2.6] 0.891   1.0 [0.4-2.6] .949
Numbing  4.2 [1.2-15.0] 0.028   3.1 [0.8-11.1] .090
Dysphoric Arousal  0.8 [0.3-1.8] 0.577   0.6 [0.2-1.3] .158
Anxious Arousal  0.9 [0.4-2.0] 0.799   0.8 [0.4-1.9] .656
  AUC: 0.660   AUC: 0.710
Note. no.=number, AUC=area under the curve 
Model a: adjusted for gender, age, socioeconomic status, education, marital status, rank 
Model b: model a + adjusted for comorbid anxiety disorders, mood disorders, somatoform pain disorder and alcohol use 
disorders and number of comorbid disorders 
 
6.5  Discussion 
 
Analyzing a representative sample of recently deployed soldiers using standardized face-to-face 
interviews, we found the following main results: (1) All lifetime PTSD symptom clusters were 
associated with current AUD and ND in crude models except that anxious arousal was not related to 
AUD. (2) All associations between PTSD symptoms and current SUD were considerably reduced in 
magnitude or disappeared when comorbidity was taken into account. (3) The occurrence of emotional 
numbing symptoms and the number of re-experiencing symptoms were associated with current ND 
over and above the contribution of other PTSD clusters and lifetime comorbidity. (4) Anxious and 
dysphoric arousal were differentially related to current AUD in the multivariate models. 
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The prevalence rates for PTSD and SUD found in our sample seem low compared to those reported in 
other studies of deployed military personnel (see Kok, Herrell, Thomas, & Hoge, 2012 for a meta-
analysis). These differences between the German military and other forces (e.g. US, UK) have been 
reported previously for other mental disorders and may be attributable to differences in mission 
characteristics and methodology (Wittchen et al., 2013). Although this sample is representative for two 
German ISAF contingents, these differences have to be taken into account when attempting to 
generalize the findings of this paper. 
As one would expect based on previous findings (Hapke et al., 2005; Koenen et al., 2005; McCarthy & 
Petrakis, 2010; Sartor et al., 2010), we found associations between PTSD and current ND and also a 
trend for a relation between PTSD and current AUD. These associations were not statistically 
significant when controlling for comorbidity. Associations between individual symptom clusters and 
current AUD and ND in separate models were also reduced in magnitude when controlling for 
comorbidity. This supports the notion that association between PTSD, AUD and ND are at least 
partially attributable to general aspects of psychopathology such as a general vulnerability for mental 
disorders, psychological distress or impairment (Hasin, Stinson, et al., 2007; Scherrer et al., 2008), 
and underlines the importance of unspecific factors in addition to disorder-specific factors as 
previously suggested (Mineka, Watson, & Clark, 1998). 
When considering the occurrence of any PTSD symptoms in the respective cluster, only emotional 
numbing was associated with an increased risk for current ND over and above the contribution of all 
other clusters and anxious arousal tended to be inversely related to the risk of current AUD. When 
using the number of reported symptoms, re-experiencing was also related to current ND. First, for ND 
our results support previous findings that indicate a specific contribution of emotional numbing 
symptoms to the co-occurrence of PTSD and ND (Greenberg et al., 2012). For this effect, the severity 
of numbing symptoms (i.e. the number of symptoms) might be less important. One might speculate 
that soldiers may increasingly use nicotine to compensate the blunted affect as part of the PTSD 
symptomatology. This hypothesis is supported by evidence that nicotine intake can have a positive 
effect on mood and negative emotions (Picciotto et al., 2002). Alternatively, individuals who are more 
likely to avoid negative emotional states might be more vulnerable to the development of both 
emotional numbing symptoms and ND. Unlike some previous studies (e.g. Jakupcak et al., 2010) we 
could not find an association between emotional numbing symptoms and AUD beyond the contribution 
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of the other symptom clusters which might be due to the fact that previous studies did not fully 
consider comorbid disorder. This is at least partially supported by a trend we observed in the 
association between any emotional numbing symptoms and current AUD when comorbidity was not 
taken into account. 
Second, our results also show the relevance of re-experiencing symptoms for the risk of current ND 
which supports some previous findings (Weaver & Etzel, 2003). Since this association was not found 
when considering only the occurrence of any re-experiencing symptoms one might conclude that the 
severity rather than the occurrence of re-experiencing symptoms may be critical for the risk of ND 
which would have implications for the detection of high-risk populations. 
Third, we observed some noteworthy differences between anxious and dysphoric arousal symptoms in 
their association with current AUD. Unlike dysphoric arousal, anxious arousal was not associated with 
current AUD in separate models. When the contributions of other clusters and comorbid disorders 
were taken into account, the occurrence of any anxious arousal symptoms even tended to be inversely 
related to current AUD. These results further support the recently proposed distinction of the anxious 
and dysphoric arousal clusters (Elhai & Palmieri, 2011) as they seem to be differentially related to the 
risk for AUD. 
For the interpretation of the presented findings some limitations have to be taken into account: (i) 
Lifetime PTSD might not always have preceded AUD and ND. However, the approach applied in this 
analysis ensured that PTSD was more likely to have an earlier onset or to be at least co-existent with 
the examined SUD. (ii) The sample was restricted to deployed military personnel and generalization of 
the suggested findings to the general population may be limited. However, the sample was 
representative for a large population of German deployed military personnel. (iii) The theoretical 
maximum of symptoms varies across the PTSD clusters. This could result in differences in variance 
and might have affected the results, predominantly in analyses where the number of reported 
symptoms per cluster was used. (iv) This study uses a lifetime PTSD definition. An analysis of only 
current PTSD cases would probably result in stronger associations with current AUD and ND 
compared to those reported in this study. 
Considering these limitations, the presented findings provide several noteworthy insights and 
implications. This study is the first to our knowledge investigating association between PTSD symptom 
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clusters of the five-factor dysphoric arousal model, AUD and ND taking into account comorbid 
disorders. We identified lifetime comorbidity as a relevant unspecific factor that should always be 
considered when analyzing the relation between PTSD symptoms, AUD and ND. Our results also 
suggest the occurrence of emotional numbing symptoms and the severity of re-experiencing 
symptoms as potentially specific factors that could constitute important aspects in the comorbidity 
between PTSD and ND. We also found further support for a distinction between dysphoric and 
anxious arousal symptoms as they were differently related to AUD. Future research on the association 
between PTSD symptoms, AUD and ND should focus on prospective studies that take into account 
differences between subcomponents of PTSD, especially emotional numbing and re-experiencing 
symptoms. This research could help to identify putative mechanisms underlying the relation between 
PTSD symptoms, AUD and ND, and contribute to a better understanding of the etiology of this 
comorbidity.  
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7.1  Abstract 
 
Objective: This prospective study aimed to investigate whether prior internalizing disorders (PID) 
moderate the relationship between stress exposure (SE) and the onset of alcohol use disorders (AUD) 
and nicotine dependence (ND) in deployed military personnel. 
Methods: 358 male soldiers were examined directly before and 12 months after return from 
deployment using standardized interviews. Combat experiences, concerns about family disruptions, 
and difficult living and working environment were assessed as different aspects of SE. PID diagnoses 
(mood disorders (PMD), anxiety disorders (PAD)) and SUD were defined according to the DSM-IV-TR. 
Results: PMD were related to a stronger association between concerns about family disruptions and 
the risk of AUD onset (OR=7.7, 95%CI 1.8-32.8, p=0.006). The number of PID diagnoses (OR per 
diagnosis: 1.7, 95%CI 1.0-2.8, p=0.036) and PAD (OR: 2.6, 95%CI 1.1-6.3, p=0.038) were further 
related to a stronger association between difficult living and working environment and the risk of AUD 
onset. With regard to ND, PMD were related to a weaker association between difficult living and 
working environment and the risk of ND onset (OR=0.4, 95%CI 0.2-0.8, p=0.013). 
Conclusions: PID might be related to an increased risk for the onset of AUD but not ND following SE. 
This effect is probably restricted to specific constellations of PAD, PMD, comorbid PID and specific 
aspects of SE. These critical constellations of PID and SE might be a promising target for future 
research and could contribute to the development of preventive measures to reduce the risk of AUD 
following SE.  
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7.2  Introduction 
 
A wealth of research has identified SE such as natural catastrophes and military deployment in conflict 
areas as a strong risk factor for the increase of SU and the development of SUD (DiMaggio, Galea, & 
Li, 2009; Fear & Wessely, 2009; Forgas et al., 1996; Jacobson et al., 2008). Many studies have 
addressed the potential mechanisms underlying this association. On a behavioral level, there is some 
empirical support for the self-medication hypothesis suggesting that individuals use substances to 
cope with adverse emotional states and psychological symptoms that occur in reaction to SE (Garland 
et al., 2013; Khantzian, 1997; Magid et al., 2009). It has also been suggested that the link between SE 
and SUD risk can partially be explained by the effects of SE on individual trait factors such as stress 
reactivity and behavioral control (Lijffijt et al., 2014). 
Importantly, despite the noteworthy evidence for a relationship between SE and subsequent SUD, 
several studies do not find an association between SE and SUD risk (Hooper et al., 2008; Keyes et al., 
2011; North et al., 2005; Vlahov et al., 2006). This could be partially attributable to a methodological 
factor, as several studies examine exposure to a stressful events in general instead of taking into 
account type and severity of concrete perceived stressors which can vary between individuals 
experiencing SE (Jones et al., 2013; Vogt, Smith, et al., 2011; Vogt, Vaughn, et al., 2011; Welch et al., 
2014). Probably even more importantly, the heterogeneity in findings might indicate the relevance of 
moderating factors in the relation between SE and the risk for SUD. So far, several studies in the field 
of stress-related disorders have identified prior mental disorders as a contributing factor for the 
occurrence of psychopathology after SE (LeardMann et al., 2009; Ozer et al., 2003; Wittchen, 2013). 
With regard to the risk of SUD, there is some evidence that especially prior internalizing disorders 
(PID) might be relevant for the association between SE and the risk for SUD. First, individuals with PID 
are more vulnerable for psychological symptoms following SE (Beekman et al., 1998; Brewin et al., 
2000; Costello et al., 2002) which might increase the likelihood of self-medication processes and thus 
lead to SUD. Beyond the contribution of symptoms of specific diagnoses, this seems to be the case 
also for the severity of psychopathology (Pietrzak et al., 2011; Sartor et al., 2011). Second, like SUD, 
PID are related to increased activity of the HPA axis and other stress systems (Comeau et al., 2001). 
This activity could be further increased by the effects of SE promoting the sensitization of motivational 
systems related to SU (Allen, Kennedy, Cryan, Dinan, & Clarke, 2014; Brielmaier, McDonald, & Smith, 
2012; Spanagel, Noori, & Heilig, 2014). Third, several internalizing disorders are associated with 
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certain underlying trait factors such as anxiety sensitivity and emotion regulation that are related to the 
risk of SUD (Stewart & Kushner, 2001). Taken together, these findings suggest that PID could be 
related to a higher susceptibility for the development of SUD after SE. Knowledge on the role of PID 
for the risk of SUD following SE would allow the identification of high-risk groups for the development 
of SUD after SE as well as the implementation of targeted preventive interventions. 
Prospective studies on the role of PID for the risk of SUD following SE are scarce. So far, one study 
investigated consequences of a terrorist attack and revealed no moderating effect of PID on the 
association between SE and alcohol use (Hasin, Keyes, et al., 2007). However, this study did not 
investigate SUD. Using a large sample of deployed military personnel, another study found an 
increased risk for the onset of alcohol-related problems but not for heavy drinking in individuals with a 
history of posttraumatic stress disorder and depression (Jacobson et al., 2008). To our best 
knowledge, studies that investigated the moderating effect of PID on the association between SE and 
SUD diagnosis are lacking to date. 
Given this background, this prospective study aims to investigate whether prior anxiety disorders 
(PAD), mood disorders (PMD) and the total number of PID diagnoses (PAD and PMD combined) 
moderate the association between stressors related to military deployment and the onset of AUD and 
ND. 
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7.3  Methods 
 
7.3.1 Participants and procedure 
 
Data stem from the prospective-longitudinal component of a German study program on mental health 
consequences of military deployment (Wittchen, Schönfeld, Thurau, et al., 2012). As the low 
percentage of about 5% female soldiers in the German ISAF contingents would not allow for 
meaningful analyses, only male soldiers were sampled in this study component. From a total of 4.200 
soldiers from the 26th and 27th contingents of the German ISAF mission in Afghanistan in 2011/2012, 
a stratified random sample of 895 soldiers was drawn. Combat units as a high risk group for adverse 
mental health consequences of deployment were sampled with a higher probability to ensure 
sufficiently high prevalence rates of diagnostic outcomes for statistical analyses (Wittchen, Schönfeld, 
Thurau, et al., 2012). 117 soldiers were not eligible because of vacation, training or sick leave at the 
time of assessment. Of the remaining 778 soldiers, 618 finally participated. The first examination 
(Time 1) was conducted directly before deployment (1-12 weeks). The second assessment (Time 2) 
was carried out about 12 months after return from deployment. Throughout the whole study 
procedure, pseudonymity of participants was assured. The study procedure was further approved by 
the TUD Ethics Board (EK 72022010) and was performed according to ICH-GCP (Good Clinical 
Practice)-Guidelines. Full data of both measurements where available for 358 soldiers (retention rate: 
58.3%). To check for selective dropout we tested whether a history of any mental disorder, PMD, 
PAD, AUD, ND, and previous experience of mission combat events at Time 1 predicted participation 
at Time 2. None of these predictions reached statistical significance (p>.05). A detailed description of 
eligibility and response is shown in Figure 4.  
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Note. *Subjects completed a short form assessment from which only primary diagnostic outcomes could be obtained. 
 
 
7.3.2 Measures 
 
The core study instrument at both assessments was the Munich Composite International Diagnostic 
Interview (Wittchen & Pfister, 1997) which was extended for its use in military populations (Wittchen 
et al., 2009) and supplemented by screening and questionnaire instruments. All interviews were 
Figure 4: Eligibility and response 
N=4200 
 Soldiers from the 26th and 27th ISAF contingents 
n=892 
Stratified random sample 
n=117 
not eligible due to vacation, training, 
sick leave 
n=775 
eligible sample 
n=124 refused 
n=33 did not show up 
n=618 
Time 1 sample 
n=92 primary outcome only*  
n=23 no deployment 
n=34 refused 
n=75 did not respond 
n=24 address unknown 
n=3 on deployment 
n=2 on long-term training 
n=6 hospitalized 
n=1 died 
n=358 
Time 2 sample 
Subsamples for prediction of disorder 
onset  
Alcohol use disorder n=334 
Nicotine dependence n=310 
Exclusion of individuals with 
diagnosis at Time 1 
 Alcohol use disorder: n=24 
Nicotine dependence:  n=48 
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conducted by trained personnel who completed a mandatory interviewer training program. Since the 
use of illegal substances is very rare in the German military (Trautmann et al., 2014) we only 
assessed AUD (DSM-IV-alcohol abuse, alcohol dependence) and ND. 
 
Onset of substance use disorders 
The onsets of AUD and ND were defined as having met the criteria for the diagnosis in the preceding 
12 months at Time 2 but not in the 12 months preceding Time 1. Thus, an onset disorder included 
incident (first occurrence) and recurrent (re-occurrence after temporal remission) diagnoses. This was 
necessary due to the restricted sample size. However, both incidence and recurrence of SUD could 
be equally related to SE (Lijffijt et al., 2014; Sinha, 2008), wherefore this strategy seemed appropriate 
for the purpose of this study. Individuals that already met the criteria for a 12-months SUD diagnosis 
at Time 1 were excluded from the respective analysis (Figure 4). 
 
Stressful expereinces 
Three different aspects of SE related to military deployment were considered: (1) The experience of 
combat events, (2) Concerns about family disruptions and (3) Difficult living and working environment. 
These factors were assessed retrospectively at T2, but occurred during deployment, i.e. prior to the 
outcome of interest. The experience of combat events was assessed using the event lists of the 
Mental Health Advisory Team (MHAT IV, 2006). Soldiers rated how often they experienced each of 
the events on the list (range 0-330). Concerns about family disruptions and difficult in living and 
working environment as measures of prolonged, less severe stressors were obtained using the 
respective scale of the deployment risk and resiliency inventory which is well established in military 
research (King et al., 2006) Because of ecological reasons, 10 items from the concerns about family 
disruptions scale were selected. The scale assesses concerns about family during deployment (e.g. 
concerns about the well-being of partners and children) on a 4-point Likert scale from “not at all” to 
“very much” (score range 10-40). The 10 items showed an acceptable to good internal consistency 
(α=.77). The difficult living and working environment scale is a 20-item scale with a 5-point Likert 
response format from “almost never” to “almost always” (score range 20-100) representing repeated 
irritations and pressures related to life during military deployment. 
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Prior internalizing disorders 
Lifetime PMD (major depressive episode, dysthymia, bipolar I and II disorder) and lifetime PAD (panic 
disorder, agoraphobia, posttraumatic stress disorder, social phobia, obsessive compulsive disorder, 
and generalized anxiety disorder) were summarized into categories since low prevalence rates would 
not allow appropriate analyses of specific diagnoses. Additionally, the total number of lifetime PID 
diagnoses (total sum of all PMD and PAD diagnoses) was assessed at Time 1. 
 
7.3.3 Statistical analysis 
 
Logistic regression analyses were applied for the prediction of SUD onset at Time 2 by the z-
standardized scores of combat experiences, difficult living and working environment and concerns 
about life and family disruptions. Statistical inference (confidence intervals, p-values) was based on 
the robust Huber-White-sandwich estimator of standard errors (Royall, 1986) since this revealed 
considerably different results compared to conventional model-based estimation of standard errors 
indicating that the robust model should be preferred. The potential moderating role of PID was 
analyzed by fitting separate models that added the main effect term of the PID variable and the 
interaction term with the respective independent SE variable. We always fitted two sets of models. 
The first model was adjusted for age (interval scaled), education (high, middle, low), military rank 
(enlisted ranks, non-commissioned officers, commissioned officers) and the number of lifetime SUD 
symptoms reported at Time 1. In the second model, associations between SE and SUD were 
additionally adjusted for previous SE (number of previous deployments, childhood adversities 
measured with the brief version of the Childhood Trauma Questionnaire (Bernstein et al., 2003)); 
associations including the interaction between SE and an PID variable were additionally adjusted for 
previous SE and the respective other lifetime PID and SUD (e.g. when the interaction between PAD 
and SE with AUD onset as dependent variable was tested, we additionally adjusted for lifetime PMD 
and ND). Statistical significance was evaluated at the two-sided 5% level. Associations are quantified 
as adjusted Odds Ratios (ORs) with their 95% confidence interval and associated p-values from Wald 
chi squared tests are reported. All analyses were conducted with Stata 12.1 (Stata Corp., 2012). The 
procedure MARGINS was used to calculate predicted probabilities according to the joint values of 
PID and SE. 
 
Stress exposure and the risk for the onset of alcohol use disorders and nicotine dependence: The role 
of prior internalizing disorders 96 
7.4  Results 
 
7.4.1 Sample characteristics 
 
Table 14 shows the demographic, military, mental health and substance-related baseline 
characteristics of the follow-up sample. Compared to individuals lost to follow-up, the follow-up 
sample was slightly older (Chi²(1)=6.2, p=0.013) and soldiers had a higher probability to be enlisted in 
higher ranks (Chi²(1)=8.8, p=0.003). There were no statistically significant differences regarding 
mental health and substance-related characteristics. The mean length of deployment in the study was 
5.4 (SD: 1.5) months. 
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Table 14: Demographic, military, mental health and substance-related baseline sample  
characteristics 
   
Follow-up 
sample 
Subsample lost to 
 follow-up  
  
(n=358) (n=260) 
 
      n %  n %   P 
Age, mean (SD) 27.2 (6.3) 26.0 (5.3) 0.013 
Marital status 
 
 
Umarried 262 73.4 203 78.1
 
 
Married 78 21.9 49 18.9
 
 
Separated/Divorced 17 4.8 8 3.1 0.144 
   
Military rank 
 
 
Enlisted 160 45.3 135 52.3
 
 
Non-commissioned officers 159 45.0 117 45.4
 
 
Commissioned officers 34 9.6 6 2.3 0.003 
Any previous deployment 150 41.9 99 38.1 0.339 
   
Prior anxiety disorder (LT) 58 13.1 34 61.2 0.283 
Prior anxiety disorder (12M) 27 7.5 21 8.1 0.806 
Prior affective disorder (LT) 78 21.8 46 17.7 0.211 
Prior affective disorder (12M) 48 13.4 23 8.9 0.081 
No of prior internalizing disorders (LT),  
mean SD  
0.4 (0.8) 
 
0.4 (0.8) 
 
0.190 
No of prior internalizing disorders (12M),  
mean SD  
0.2 (0.5) 
 
0.2 (0.5) 
 
0.483 
   
Alcohol use disorder (LT) 115 32.1 76 29.3 0.443 
Alcohol use disorder (12M) 24 6.7 22 8.5 0.413 
No of prior alcohol use disorder symptoms (LT), 
mean (SD)  
1.1 (1.9) 
 
1.2 (2.0) 
 
0.866 
Nicotine dependence (LT) 52 14.5 28 10.8 0.171 
Nicotine dependence (12M) 48 13.4 24 9.2 0.112 
No of prior nicotine dependence symptoms (LT), 
mean (SD) 
  1.2 (1.4)   1.0 (1.2)   0.102 
Note. LT=individuals met the criteria at some point in their lives, 12M=individuals met the criteria in the past 12 
months 
 
7.4.2 Descriptive statistics of SE, SUD onset and PID 
 
The mean number of reported combat events was 27.6 (SD=30.9). The average score in the 
concerns about family disruptions scale was 22.8 (SD=7.3), the mean value of the difficult living and 
working environment scale was 47.9 (SD=10.0). At Time 1, 21.8% met the lifetime criteria for any MD 
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and 13.1% for any AD. The mean total number of PID diagnoses was 0.4 (SD=0.8, range 0-4). Within 
the follow-up period, 3.6% had an onset of an AUD and 10.9% reported an onset of a ND.   
 
7.4.3 Overall associations with SE 
 
After adjusting for demographic factors, the number of lifetime AUD symptoms reported at Time 1 and 
previous SE, none of the examined deployment-related SE was associated with the onset of AUD 
within the follow-up period. The onset of a ND was only related to combat experiences (OR=1.6, 
95%CI: 1.2-2.2, p=0.005) and there were no statistically significant associations with concerns about 
family disruptions and difficult living and working environment. The results were similar in models with 
and without adjusting for previous SE (Tables 15 and 16). 
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Table 15: Stress exposure, interactions with pre-existing internalizing disorders and onset of alcohol 
use disorders after deployment 
 
  Model I1  Model II2 
 
  OR 95%CI p  OR 95%CI p 
Main effect combat experiences 
1.4 1.0 1.9 0.058  1.4 0.98 1.9 0.062 
 
Interaction with lifetime anxiety disorder 
0.6 0.2 1.4 0.219  0.5 0.2 1.3 0.185 
 
Interaction with lifetime mood disorder 
1.3 0.6 2.7 0.514  1.4 0.6 3.5 0.455 
 
Interaction with number of lifetime PID 
1.0 0.7 1.5 0.872  1.0 0.7 1.6 0.837 
 
         
Main effect concerns about family disruptions 
1.7 0.9 3.2 0.079  2.0 0.98 4.2 0.058 
 Interaction with lifetime anxiety disorder 
0.8 0.2 3.1 0.727  1.4 0.3 6.6 0.683 
 Interaction with lifetime mood disorder 
5.0 1.0 24.9 0.048  11.5 1.9 68.6 0.007 
 Interaction with number of lifetime PID 
1.8 0.9 3.7 0.108  2.9 1.2 7.0 0.021 
 
         
Main effect difficult living and working environment 
1.7 1.1 2.7 0.024  1.7 1.1 2.8 0.022 
 Interaction with lifetime anxiety disorder 
1.2 0.6 2.7 0.592  1.5 0.7 3.2 0.335 
 Interaction with lifetime mood disorder 
2.2 0.7 6.7 0.153  2.2 0.8 6.4 0.142 
 Interaction with number of lifetime PID 
1.7 1.0 3.0 0.049  1.8 1.1 3.2 0.032 
Note. PID=prior internalizing disorder 
N=334 subjects without alcohol use disorder diagnosis at Time 1 were included in this analysis 
Combat experiences, concerns about family disruptions and difficult living and working environment were z-standardized 
1Adjusted for age, education and  military rank 
2Main effects of stressors additionally adjusted for childhood adversities 
 Interaction with lifetime anxiety disorders additionally adjusted for number of previous deployments, childhood adversities,    
 lifetime mood disorder and lifetime nicotine dependence 
 Interaction with lifetime mood disorders additionally adjusted for number of previous deployments, childhood adversities,  
 lifetime anxiety disorder and lifetime nicotine dependence 
 Interaction with number of lifetime disorders additionally adjusted for number of previous deployments, childhood  
 adversities, lifetime nicotine dependence 
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Table 16: Stress exposure, interactions with pre-existing internalizing disorders and onset of nicotine 
dependence after deployment 
 
  Model I1  Model II2 
 
  OR 95%CI p  OR 95%CI p 
Main effect combat experiences 
1.4 1.1 1.9 0.022  1.4 1.0 1.9 0.030 
 
Interaction with lifetime anxiety disorder1 
0.6 0.2 1.8 0.373  0.7 0.2 2.1 0.528 
 
Interaction with lifetime mood disorder2 
0.8 0.3 1.9 0.550  0.8 0.3 2.1 0.716 
 
Interaction with number of lifetime PID 
0.9 0.6 1.5 0.700  1.0 0.6 1.5 0.836 
 
         
Main effect concerns about family disruptions 
1.3 0.8 2.2 0.216  1.3 0.8 2.2 0.271 
 Interaction with lifetime anxiety disorder1 
1.1 0.4 3.3 0.866 1.1 0.3 4.1 0.872 
 Interaction with lifetime mood disorder2 
0.5 0.1 1.8 0.258 0.4 0.1 1.5 0.188 
 Interaction with number of lifetime PID 
0.9 0.5 1.7 0.768 0.9 0.5 1.8 0.798 
 
         
Main effect difficult living and working environment 
1.4 1.0 1.9 0.052  1.4 0.96 1.9 0.080 
 Interaction with lifetime anxiety disorder1 
0.5 0.2 1.1 0.067  0.5 0.2 1.2 0.117 
 Interaction with lifetime mood disorder2 
0.4 0.2 0.8 0.012  0.4 0.2 0.9 0.023 
 Interaction with number of lifetime PID 
0.6 0.4 0.9 0.021  0.6 0.4 0.9 0.026 
Note. PID=prior internalizing disorder 
N=310 subjects without nicotine dependence diagnosis at Time 1 were included in this analysis 
Combat experiences, concerns about family disruptions and difficult living and working environment were z-standardized 
1Adjusted for age, education and military rank 
2Main effects of stressors additionally adjusted for number of previous deployments and childhood adversities 
 Interaction with lifetime anxiety disorders additionally adjusted for number of previous deployments, childhood adversities,  
 lifetime mood disorder and lifetime alcohol use disorder 
 Interaction with lifetime mood disorders additionally adjusted for number of previous deployments childhood adversities,  
 lifetime anxiety disorder and lifetime alcohol use disorder 
 Interaction with number of lifetime disorders additionally adjusted for number of previous deployments, childhood adversities,  
 lifetime alcohol use disorder 
 
7.4.4 Interaction between SE and PID 
 
Interactions between PID and associations between SE and SUD onsets are also shown in Tables 15 
and 16. After adjusting for demographic factors, the number of lifetime AUD symptoms reported at 
Time 1 and previous SE, PMD were related to a stronger association between concerns about family 
disruptions and the risk of AUD onset (OR=7.7, 95%CI: 1.8-32.8, p=0.006) (Figure 5). The number of 
PID diagnoses (OR per diagnosis: 1.7, 95%CI: 1.0-2.8, p=0.036) and PAD (OR: 2.6, 95%CI: 1.1-6.3, 
p=0.038) were further related to a stronger association between difficult living and working 
environment and the risk of AUD onset (Figures 6a and 6b). With regard to ND, PMD were related to a 
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weaker association between difficult living and working environment and the risk of ND onset (OR=0.4, 
95%CI: 0.2-0.8, p=0.013) (Figure 7). All other interactions between SE and PID did not reach 
statistical significance. 
 
Note. AUD=alcohol use disorder, PMD=prior mood disorder  
Estimated AUD risk from logistic regression analysis including main effect terms and interaction term, adjusted for age, 
education, rank, previous deployments, childhood adversities, prior anxiety disorders, prior nicotine dependence and the 
number of lifetime AUD symptoms reported at baseline. 
 
 
 
 
 
Note. AUD=alcohol use disorder, PAD=prior anxiety disorder, PID=prior internalizing disorder 
Estimated AUD risk from logistic regression analysis including main effect terms and interaction term, adjusted for age, 
education, rank, previous deployments, childhood adversities, prior nicotine dependence and the number of lifetime AUD 
symptoms reported at baseline. 
 
Figure 5: Model-based predictions of alcohol use disorders onset risk by prior mood disorder and concerns 
about family disruptions 
Figure 6a and 6b: Model-based predictions of alcohol use disorders onset risk by prior anxiety disorders (a) and 
number of prior internalizing disorder diagnoses (b) and difficult living and working environment 
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Note. ND=nicotine dependence, PMD=prior mood disorder 
Estimated ND risk from logistic regression analysis including main effect terms and interaction term, adjusted for age, education, 
rank, previous deployments, childhood adversities, prior alcohol use disorders, prior anxiety disorders and number of lifetime ND 
symptoms reported at baseline. 
 
  
Figure 7: Model-based predictions of nicotine dependence onset risk by prior mood disorder and difficult living 
and working environment 
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7.5  Discussion 
 
The aim of this prospective study was to investigate the moderating role of PID in the association 
between SE and the risk of SUD onset in a sample of deployed military personnel. We observed the 
following main results: (1) Overall, only one of the three examined aspects of SE was related to ND 
onset, and no associations were found to AUD onset. (2) PAD, PMD and the number of PID diagnoses 
were related to a stronger association between concerns about family disruptions, difficult living and 
working environment, and AUD onset risk in specific combinations. (3) There were inverse relations 
between PMD and the association magnitude between difficult living and working environment and ND 
onset risk. 
Although individuals reported a considerable degree of SE in all three aspects that were assessed, 
overall associations with SUD onset risk were weak and mostly failed statistical significance. This 
finding is in line with some heterogeneous previous data on SE and SUD risk (Keyes et al., 2012). A 
main effect of SE was only found for the association between combat experiences and risk of ND 
onset which is also in line with previous findings (Hooper et al., 2008). Overall, the weak association 
between SE and SUD risk does further underline the necessity to consider potential moderating 
factors. 
The results of this study suggest that PID might indeed play a moderating role in the association 
between specific measures of SE and SUD onset risk. Furthermore, the observed differential effects 
suggest that it is of importance to consider different SE and different SUD separately. This finding 
might help to elucidate existing contradictive findings on the relationship between SE and SUD. As for 
the risk of AUD, individuals with PAD, PMD and those with multiple PID diagnoses seem to be at high 
risk for the onset of an AUD after specific SE. Interestingly, this association showed for the prolonged 
and probably less severe stressors difficult living and working environment and concerns about family 
disruptions but not for combat experiences. One might speculate that individuals with PMD and 
multiple PID have poorer coping strategies and resources (Billings & Moos, 1984; Garnefski, 
Legerstee, Kraaij, Van Den Kommer, & Teerds, 2002) which make them more vulnerable for 
maladaptive coping strategies in reaction to prolonged stressors. Especially multiple PID diagnoses 
might also be related to considerable increases in stress reactivity resulting in a higher probability for 
alcohol use and progression to AUD (Lijffijt et al., 2014). These effects could be less relevant for 
combat exposure since this type of SE is usually well recognized by the military environment and 
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might result in supportive measures that could compensate pre-existing vulnerabilities. Furthermore, 
PMD exclusively moderated the association between concerns about family disruptions and AUD 
onset while PAD moderated the association between difficult living and working environment and AUD 
onset. In general, this may indicate that specific PID might interact with specific aspects of SE. In the 
case of PMD, concerns about family disruptions might be an indicator of poor family support or might 
itself trigger ruminating thoughts particularly in individuals with PMD (Wilkinson, Croudace, & Goodyer, 
2013) which could facilitate the use of self-medication. For PAD, a difficult environment might trigger 
states of anxiety which could also be related to a higher probability of alcohol use (Thomas, Bacon, 
Randall, Brady, & See, 2011). Since the sample size did not allow a distinction between current and 
remitted PID at Time 1, it remains unclear whether concrete symptoms or underlying factors such as 
poor emotion regulation and coping strategies, elevated stress reactivity or increased avoidance 
tendencies contributed to the observed associations. These aspects might be fruitful targets for future 
investigations based on the findings of this study. In preventive practice, the observed moderating 
effects in the association between SE and AUD might be relevant for the identification of individuals 
being at high risk for AUD onset after SE which might be improved by considering critical 
constellations of SE and PID. Of note, these preventive measures would require an adequate 
recognition of lifetime mental disorders which is still insufficient in general (Wang et al., 2005) and in 
subpopulations with a high risk for SE in particular (Wittchen, Schönfeld, Kirschbaum, et al., 2012).  
Contrary to findings on the AUD onset risk, we observed no and one inverse moderating effect of PID 
in the relation between aspects of SE and ND onset risk. Missing moderations of PID, for example in 
combination with concerns about family disruptions, could probably be attributable to a ceiling effect 
since the overall onset risk for ND was relatively high. Another possible explanation might be that 
smoking could be less relevant than alcohol use in the self-medication of psychological symptoms 
making an increased vulnerability due to PID irrelevant. This is supported by evidence from 
longitudinal studies suggesting that ND is more likely to be a precursor than a consequence of 
maladaptive coping and mental disorders, particularly of mood disorders (Chaiton, Cohen, O’Loughlin, 
& Rehm, 2009; McGee, Williams, Nada-Raja, & Olsson, 2013). Probably more remarkable was the 
result that the risk for ND onset in individuals with PMD decreased with an increasing difficult living 
and working environment which appears to be counterintuitive. One has to keep in mind that the use 
of substances is not always an attempt to cope with adverse emotional states (Kuntsche, Knibbe, 
Gmel, & Engels, 2005). Particularly smoking has a strong social component in military populations 
Stress exposure and the risk for the onset of alcohol use disorders and nicotine dependence: The role 
of prior internalizing disorders 105 
(Institute of Medicine, 2012; Kroutil et al., 1994). Against this background, one could suppose that 
PMD, in combination with a prolonged stressor such as difficult living and working environment, could 
be related to increased social withdrawal that might result in a lower probability to smoke in social 
contexts, and therefore a decreased risk for ND onset. However, these suggestions are rather 
speculative and remain open to future investigations. 
There are several limitations of this study that have to be taken into account. This study is restricted 
to male military personnel and specific aspects of SE related to military deployment. Generalizations 
to other populations and types of SE have to be done with caution. Moreover, the sample size did not 
allow the analysis of single PID diagnoses. Thus, the presented results allow no conclusions about 
specific diagnoses. Since lifetime PID diagnoses were used, there is no information available about 
the onset and the persistence of these diagnoses as well as whether multiple lifetime PID diagnoses 
occurred concurrently or consecutively which might lead to different results when current PID are 
considered. A distinction between incident and recurrent SUD cases might also lead to different 
associations than those found in this study. Furthermore, deployment-related SE were assessed 
retrospectively and might be influenced by recall biases. Particularly in individuals with PMD, this 
might have led to an overestimation of negative events such as SE (Romero, Sanchez, & Vazquez, 
2014). Finally, forms of previous SE that were not considered in this study might have contributed to 
the results. Further research is needed to replicate the suggested findings and to investigate the 
underlying mechanisms. This should be done with larger, preferably unselected samples with varying 
types of SE. This line of research could contribute to a better understanding of factors that moderate 
the relationship between SE and the development of SUD. 
 
7.6 Conclusions 
 
The association between SE and the risk for SUD might be different in individuals with and without 
PID, depending on type of SE and SUD. This finding suggests that the consideration of “high risk 
patterns” of specific stressors, types of SUD, and moderating factors such as PID might be better 
suited to explain the risk of SUD after SE than the notion of the impact of a single stressful event. 
This perspective could be a promising approach to further improve the evaluation of individual risks 
for SUD after SE and to advance our understanding of SUD etiology. 
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8 General discussion 
 
SU and SUD are important mental health concerns that are related to considerable individual and 
social costs (Rehm et al., 2009; WHO, 2009, Wittchen et al., 2011). Despite some evidence for an 
increased risk for SU and SUD in deployed military personnel (Jacobson et al., 2008; Fear et al., 
2010), several aspects involved in the association between deployment-related SE and SU remain 
unclear. Based on a study program in German soldiers deployed to Afghanistan this dissertation thesis 
aimed to further contribute to these unresolved issues. Four studies were conducted of which studies I 
and III were based on a cross-sectional, study II and IV on a prospective longitudinal study. The 
general discussion of these four studies is presented in five parts. First, the main results are briefly 
summarized. Second, the main results are discussed with respect to the unresolved questions that 
were initially raised in Chapter 1.3.3. Third, possible practical implications are suggested. Fourth, a 
critical discussion of the used methodology is provided. Finally, based on the discussion of methods 
and the findings of this thesis, possible directions for future research are discussed. 
 
8.1 Summary of main findings 
 
Study I 
1.1 What are the prevalence rates of SU and SUD in German deployed military personnel? 
The prevalence of SU among deployed military personnel was roughly comparable to rates found 
in the German general population; rates of SUD were considerably lower. 
 
1.2 Are rates of SU and SUD elevated in individuals with compared to individuals without  
      deployment? 
Individuals with and without deployment did not differ considerably in rates of SU and SUD. 
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1.3 Are associations between SU and mental disorders stronger in individuals with compared to  
      individuals without deployment? 
The association between SU and mental disorders was more pronounced in individuals with 
compared to individuals without deployment. 
 
Study II 
4.1 Are specific demographic characteristics, mental health symptoms, trait factors and adverse  
      childhood experiences risk factors and correlates for increase in alcohol consumption following  
      deployment? 
Low rank was a risk factor, high education a protective factor for increase in alcohol consumption 
following deployment. 
Lack of social support, negative post-event cognitions and sleeping problems after deployment 
were associated with an increase in alcohol consumption following deployment. 
 
4.2 Which of these factors are risk factors and correlates of decrease in alcohol consumption following  
      deployment? 
Low PTSD symptoms before deployment and low degrees of childhood emotional neglect 
predicted decrease in alcohol consumption following deployment. 
 
4.3 Do increase and decrease in alcohol consumption following deployment have distinct risk factors  
      and correlates? 
None of the factors associated with increase in alcohol consumption was related to decrease in 
alcohol consumption and vice versa. 
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Study III 
3.1 Do PID moderate the association between deployment-related SE and subsequent onset of AUD? 
PAD, PMD and the number of PID were related to a stronger association between specific 
deployment-related SE and the subsequent onset of AUD in some combinations. 
 
3.2 Do PID moderate the association between deployment-related SE and subsequent onset of ND? 
PMD were related to a weaker association between one specific deployment-related SE and 
subsequent onset of ND. 
 
Study IV 
4.1 Is lifetime PTSD associated with current AUD and ND beyond the contribution of other mental  
     disorders? 
Association between most lifetime PTSD symptoms and current SUD were significant but 
reduced in magnitude when other lifetime mental disorders were taken into account. 
 
4.2 Are certain lifetime symptoms of PTSD associated with current AUD and ND beyond the  
      contribution of other mental disorders and other PTSD symptoms? 
The occurrence of emotional numbing symptoms and the severity of re-experiencing symptoms 
were associated with current ND beyond the contribution of other PTSD symptoms and other 
lifetime mental disorders. 
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8.2  Discussion of main findings 
 
Association between deployment, SU and SUD 
Previous US and UK studies on the relation between deployment and the prevalence of SU and SUD 
revealed heterogeneous findings (Hermes et al., 2012; Hooper et al., 2008; Hotopf et al., 2006; 
Jacobson et al., 2008; Milliken, Auchterlonie, & Hoge, 2007; Fear et al., 2010. For German soldiers 
deployed to Afghanistan, the results of this thesis suggest very few overall associations between 
deployment, deployment-related SE and measures of SU and SUD. Importantly, the prevalence rates 
of the cross-sectional study do not allow final conclusions about the association between deployment 
and the occurrence of SUD since individuals might have met the criteria already prior to deployment. 
However, previously published data from the same study program also showed no differences 
regarding the deployment-related incidence of AUD between deployed and never deployed soldiers 
(Wittchen et al., 2013). In addition, this thesis found no overall deployment-related increased alcohol 
use (see Chapter 5.4) and very few associations between deployment-related SE and the onset of 
AUD and ND. In conclusion, there is little evidence for an overall association between deployment, 
deployment-related SE and an increased risk for SU or SUD in German military personnel so far. 
There are several possible explanations for this low overall association. 
First, there might be a floor effect since the prevalence rates of some critical SU patterns (i.e. heavy 
drinking, illegal drug use) and SUD found in this thesis (for both deployed and never deployed) were 
considerably lower compared to US and UK studies (Bray et al., 2010; Fear et al., 2010; Iversen et al., 
2009; Riddle et al., 2007) and also somewhat lower compared to prevalence rates in the German male 
general population (Jacobi et al., 2014, Trautmann et al., in preparation). Most likely, the rigorous 
regulation of SU in the German military (German Federal Ministry of Defence, 2011) might contribute 
to these low rates of SU and SUD, probably mediated by both the attempt to avoide negative 
consequences of offenses as well as the adoption of regulations as personal values which might 
particularly apply to leading personnel. However, there is also a chance of systematic underreporting 
of SU and related consequences since subjects might have been worried about disciplinary 
consequences. Although the interviews were confidential, the instrument has been approved for the 
reliable assessment of SUD (Lachner et al., 1998) and lower rates of SUD in the military compared to 
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the general population have also been observed in another nation (Hodson et al., 2011), this 
possibility cannot be ruled out. 
Second, deployed soldiers might be more resilient than never deployed soldiers due to selection 
processes within the military which might lead to the exclusion of vulnerable individuals from 
deployment service. Although the direct comparability of samples in the cross-sectional and the 
prospective-longitudinal studies of this thesis is restricted, the fact that 12-months prevalence rates of 
mental disorders were roughly similar in soldiers before deployment (prospective-longitudinal study) 
compared to never deployed soldiers (cross-sectional study) indicate that this explanation might be 
less likely (see Chapter 7.4 and Wittchen et al., 2013). 
Third, the low association between deployment, deployment-related SE and measures of SU and SUD 
might be attributable to a lower degree of exposure to deployment-related SE compared to previous 
UK and US studies on conflicts in Iraq and Afghanistan. Although about 90% of German soldiers 
deployed to Afghanistan experiences at least one combat-related event, the number and severity of 
experienced events varied considerably between individuals and is on average lower compared to 
deployments in US and UK studies (Miliken et al., 2007; Fear et al., 2010; Wittchen et al., 2012). This 
seems to apply also for other, less severe deployment-related SE such as a difficult living and working 
environment since scores in the respective scale were considerably higher in a US sample than in this 
thesis (see Chapter 7.4 and Vogt et al., 2005). However, it has to be considered that direct 
comparisons between different armies and deployment areas are also restricted due to different 
military and deployment characteristics. 
Fourth, the investigation of deployment and deployment-related SE only allows a global assessment of 
risks associated with these event classes. The individual reaction to SE, however, largely depends on 
the processing of these events (Lazarus & Folkman, 1984). Thus, variability in factors that moderate 
whether a person perceives an event as stressful might also explain the few overall associations 
between deployment, deployment-related SE and SUD. For example, soldiers are trained and 
prepared for the exposure to deployment-related SE which can alter the effects of deployment-related 
SE (Adler & Castro, 2011). The variability of preparation across armies and units regarding quality and 
quantity might partially explain the heterogeneity in findings and the lower associations between 
deployment and SU risk in the German military compared to some previous US and UK data.  
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To summarize, deployment and deployment-related SE seem not to be associated with a higher risk 
for SU and SUD per se. This is in line with several findings on the association between non-military SE 
and SU (Keyes et al., 2011; North et al., 2011) and highlights the necessity to identify and characterize 
subgroups of individuals that are at risk for deployment-related increases SU and SUD. 
 
Predictors of changes in alcohol use following deployment 
Deployment-related increases in alcohol use are an important outcome since they may be a symptom 
or precursor of problematic use patterns and AUD (Lijffijt et al., 2014). Although most individuals seem 
not to change their alcohol consumption in the context of military deployment, the findings of this 
thesis suggest subgroups that might be at risk for deployment-related increases in alcohol use. 
Individuals with increased alcohol use had a higher chance to be in enlisted (i.e. low) ranks and a 
lower chance to be higher educated. This might indicate an inverse relation between intelligence and 
deployment-related increased alcohol use which could be mediated by a lower probability for mental 
disorder following SE (Breslau, Chen, & Luo, 2013; Jacobsen et al., 2001; Paige Ouimette, Read, 
Wade, & Tirone, 2010). However, while high education (compared to middle) seems to be protective, 
low education was not a risk factor. This can probably be explained by a small difference in 
intelligence between low and middle education in this sample since selection mechanisms in the 
military might not allow the recruitment of individuals with considerably low intelligence. In addition to 
intelligence, a potential role of sense of responsibility in higher ranks should also be considered since 
this has been discussed as a protective factor against adverse outcomes following deployment (Adler, 
Bliese, & Castro, 2011). 
Another high-risk group might be soldiers with sleeping problems following deployment since unlike 
other measures of psychopathology after deployment, sleeping problems were related to increases in 
alcohol consumption which supports previous findings (Lande, 2012). The discrepancy between 
sleeping problems and other measures of psychopathology might be explained with the overall low 
psychopathology in the examined sample which does not apply to sleeping problems (Heinrich et al., 
in press). One might also speculate that sleeping problems could have a lower probability to be 
recognized as problematic by both military health services and affected individuals resulting in higher 
rates of symptom progression and maladaptive coping mechanisms such as alcohol use. Contrary to 
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some previous findings (Clarke-Walper et al., 2014; Kline et al., 2014), this thesis found no evidence 
for a role of mental health status before deployment as risk factor for increases in alcohol use following 
deployment. These previous studies investigated risk factors of (probable) AUD instead of increases in 
alcohol use. Thus, prior psychopathology might rather be related to the transition to critical use 
patterns and SUD than to the initial increase in SU (Behrendt et al., 2011; Enoch, 2011; Swendsen et 
al., 2010). Alternatively, prior mental health status might act as a moderator rather than an 
independent risk factor, i.e. be only be relevant above a certain level of SE which would be in line with 
findings of this thesis (see Chapter 7.4 and discussion of PID as moderator below) and some recent 
data (Keyes et al., 2014).  
This thesis also revealed a lack of social support as correlate of deployment-related increases in 
alcohol use which is in line with many previous findings on the association between social support, SE 
and SUD risk in military and non-military samples (Pauley & Hesse, 2009; Pietrzak, Johnson, 
Goldstein, Malley, Rivers, et al., 2009; Pietrzak & Southwick, 2011; Steptoe, Wardle, Pollard, Canaan, 
& Davies, 1996). Since this thesis could not distinguish between support within and outside the 
military, it remains an important task to investigate which source of support is inversely associated with 
increase in alcohol use since they might have different targets for interventions (see Chapter 8.4). 
Finally, individuals with negative post-event cognitions might also be at risk for deployment-related 
increases in alcohol use. This association might be mediated by a higher probability of 
psychopathology following SE in individuals with a negative appraisal of the event (Allwood, Esposito-
Smythers, Swenson, & Spirito, 2014; Friedman, Keane, & Resick, 2010; Lararus & Folkman, 1984) 
accompanied by a higher chance for self-medication behaviors (Khantzian, 1997; Robinson et al., 
2011). Another explanation might be an underlying third factor affecting both negative appraisals and 
increases in alcohol use such as a negative self-concept (Arikan, Carnelley, Stopa, & Karl, 2010; 
Richard, Trevino, Baker, & Valdez, 2010). It has to be considered that the temporal relationship 
between sleeping problems, social support, negative cognitions and increase in alcohol use following 
deployment was not established in this thesis. Moreover, interactions of these factors were not 
considered. Thus, their role as risk factor, mediator, moderator or consequence of increased alcohol 
use as well as their relative contribution have to be clarified in future investigations.  
Beyond these subgroups that might be at risk for deployment-related increases in alcohol use, it is a 
noteworthy finding of this thesis that a considerable subgroup reports deployment-related decreases in 
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alcohol use. Interestingly, this subgroup was not be characterized by low values in those variables that 
predicted increases in alcohol use. Instead, this thesis identified childhood emotional neglect and low 
PTSD symptoms before deployment as predictors of decrease in alcohol use, which is a completely 
novel finding. To date, comparable investigations of risk factors of decreased alcohol use following SE 
are extremely scarce, making it difficult to evaluate these results. The examined longitudinal sample of 
this thesis revealed relatively low scores in measures of psychopathology compared to other studies 
(Hassija, Jakupcak, Maguen, & Shipherd, 2012; Rona et al., 2012) which was also the case for prior 
PTSD symptoms and childhood adversities. Thus, individuals who even scored low in these measures 
that have been related to adverse effects after SE (Iversen et al., 2008; McLaughlin et al., 2010; Ozer 
et al., 2003; Vasterling et al., 2010) in this overall healthy sample might be particularly resilient8, which 
is possibly mediated by factors like secure attachment and optimism (Mikulincer & Shaver, 2012; 
Zöllner, Rabe, Karl, & Maercker, 2008). Given this level of resilience, this group might have the chance 
to benefit from possible positive effects of deployment like increased personal strength or sense of 
responsibility (Adler et al., 2010) which are negatively related to SU (Martin et al., 2014). Together with 
a decreased availability of alcohol during deployment (German Federal Ministry of Defence, 2011), 
one might hypothesize that these effects might be responsible for the observed decrease in alcohol 
use in this group. However, this remains highly speculative and more research is needed to further 
explore these suggested asosciations regarding deployment-related decreases in alcohol use. 
 
Association between PTSD symptoms and SUD 
Since empirical findings (Brook, Brook, Zhang, Cohen, & Whiteman, 2002; Buckner et al., 2008; 
Pasche, 2012) and theoretical models such as the self-medication hypothesis (Khantzian, 1997) and 
the translational model of Lijffijt et al., (2014) suggest a major role of adverse symptoms for the risk of 
SU and SUD after SE, it appears important to consider other mental disorders when attempting to 
identify individuals being at risk for SUD after deployment. Previous findings particularly suggest an 
important role of PTSD symptoms for the risk of SUD (Chilcoat & Breslau, 1998; Fu et al., 2007; 
Ouimette, Read, Wade, & Tirone, 2010). 
                                                     
8 Resilience is defined here as absence of adverse outcomes after SE rather than as a personality trait 
(see Fletcher & Sarkar, 2013) which was not related to decreased SU in this thesis. 
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For the association between lifetime PTSD and current SUD, this thesis supports the relation between 
several (but not all) PTSD symptoms and current AUD and ND. However, these associations were 
partially attributable to other comorbid mental disorders which is in line with some previous findings 
(Pietrzak et al., 2011; Sartor et al., 2011). PTSD is often comorbid with other mental disorders that 
might also elicit self-medication behaviors (Robinson et al., 2011; Lazareck et al., 2012). Moreover, 
transdiagnostic factors such as poor emotion regulation abilities and coping deficits are also related to 
SUD (Berking & Wupperman, 2012; Hruska & Delahanty, 2012). Thus, it is not surprising that the 
association between PTSD symptoms and SUD might be partially attributable to other disorders. 
Notwithstanding, most studies on the relation between PTSD and SUD do not take comorbid mental 
disorders into account (see Chapter 6.2).  
Despite the contribution of comorbid disorders, this thesis found evidence that some PTSD symptoms 
are related to SUD beyond comorbidity. While some of the associations observed in this thesis are 
known in the literature (e.g. re-experiencing symptoms and AUD; Pietrzak et al., 2010), others are 
novel findings (e.g. dysphoric arousal and AUD). These associations might depend on the type of SUD 
considered since somewhat different patterns of associated PTSD symptoms were found for AUD and 
ND. Interestingly, the number of re-experiencing and occurrence of emotional numbing symptoms 
were found to be related to ND even beyond other PTSD symptoms. These associations were 
independent from whether a PTSD diagnosis was met which might underline the importance of 
subthreshold PTSD symptoms for the risk of SUD (Marshall et al., 2001).  
There are several possible explanations for a possible contribution of some PTSD symptoms to the 
risk for SUD independent from other mental disorders. PTSD symptoms that were found to be related 
to SUD beyond comorbidity could have a higher probability to elicit self-medication behaviors. In fact, 
there are some indications for functional relations between particular PTSD symptoms and the 
development of SUD. For example, the reward dysfunction that is seen in PTSD (Elman et al., 2005) 
may lead to anhedonia and emotional numbing symptoms which can motivate drug use to relieve this 
adverse emotional state (Enman, Zhang, & Unterwald, 2014). This may be particularly the case for the 
use of nicotine (Picciotto et al., 2002) which might explain the observed specific association between 
emotional numbing and ND. There is also evidence for a “vicious circle” in which the use of 
substances to relieve PTSD symptoms increases these symptoms through effects of excessive use 
and withdrawal (Kushner et al., 2000). This might be particularly the case for symptoms that were 
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found to be related to SUD beyond comorbidity. Alternatively, several PTSD symptoms and SUD could 
share common genetic and environmental underlying factors (“shared vulnerability hypothesis”, 
Dell’Osso et al., 2014). Common factors such as genetic variations (e.g. a1 allele of the DRD2 
polymorphism, see Comings, Muhleman, & Gysin, 1996), neurotransmitter systems (e.g. monoamines 
and neuropeptides, see Enman, Zhang, & Unterwald, 2014) and personality traits (e.g. impulsivity, see 
McLeod et al., 2001) have already been identified for the relation between PTSD and SUD and might 
be particularly pronounced for particular PTSD symptoms.  
The vast majority of studies on these putative mechanisms examined PTSD rather than particular 
PTSD symptoms making any definite evaluation very difficult. Moreover, there are aspects that 
complicate the interpretation of the found associations. For example, emotional numbing is also seen 
in other mental disorders and might represent a nonspecific dysphoria (Brewin, 2013; Rademaker et 
al., 2012) which contradicts the hypothesis of specific associations. Although this thesis provides some 
evidence for unique associations between several PTSD symptoms and the risk for SUD, but any 
functional relationship has still to be determined. 
Applied to the context of military deployment, one might hypothezise that individuals with a history of 
mental disorders (before or following deployment) are at elevated risk for SUD but that this is 
particularly the case for the presence of several PTSD symptoms. Although this thesis investigated the 
relation between PTSD symptoms and current SUD in recently deployed soldiers, the assessment of 
lifetime PTSD symptoms do not reveal information about the temporal sequence of onset of PTSD 
symptoms, deployment and onset of SUD. Thus, the hypotheses derived from this thesis regarding 
this subject have to be evaluated in future investigations.  
 
Prior internalizing disorders as moderators of the association between deployment-related SE 
and SUD 
With regard to the association between other mental disorders and the risk for deployment-related SU 
and SUD, the findings discussed above mainly focused on a potential role of other mental disorders as 
correlates and risk factors. Focusing on PID, this thesis also investigated whether prior mental 
disorders moderated the association between deployment-related SE and SUD.  
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The findings of this thesis suggest that the association between deployment-related SE and the onset 
of AUD might be stronger in individuals with PID. This moderating effect of PID might be explained by 
unspecific features of PID. For example, trait-like factors such as poor coping skills and emotion 
regulation abilities might constitute a vulnerability for AUD onset following SE (Lijffijt et al., 2014). In 
addition, alterations in the HPA-axis activity, either as vulnerability or consequence of PID (Keller, 
McCluskey, Morgan, & O’Connor, 2006), might also be related to an increased risk for AUD following 
SE via sensitization of reward mechanisms (Lijffijt et al., 2014; Rao, Hammen, & Poland, 2009) or an 
increased vulnerability of symptom development after SE (Vermetten & Lanius, 2012) which could 
elicit self-medication behaviors. 
However, this thesis only found evidence for a moderating role in limited constellations of PID 
diagnoses and types of deployment-related SE which might explain the heterogeneity in the few 
previous studies that have already been conducted on this subject (Hasin et al., 2007; Jacobson et al., 
2008). This finding suggests specific interactions between features of PID and deployment-related SE 
rather than a contribution of common aspects of PID. Based on the data of this thesis, it is not possible 
to determine the functional mechanisms behind these interactions, but several preliminary indications 
for putative mechanisms exist. For example, neurobiological changes associated with affective 
disorders such as altered glutamate neurotransmission have already been linked to SU behaviors 
(Kelly, Masterman, & Young, 2011; Niciu, Henter, Sanacora, & Zarate, 2013). This association could 
be promoted by specific deployment-related SE that are close to depressive behaviors which would 
explain the interaction between PMD and concerns about family disruptions to predict AUD onset as 
observed in this thesis. On a more behavioral level, prolonged stressors that include triggers for 
phobic reactions (e.g. living closely together with other people, tight rooms) might be more likely to 
elicit self-medication behaviors in individuals with PAD which might explain the interaction between 
difficult living and working environment and PAD.  
With regard to ND, it was found that PMD might buffer the effect of difficult living and working 
environment. Although there might be possible explanations for this finding (see Chapter 7.5), this 
buffering effect appears counterintuitive and was also restricted to one specific constellation of PID 
and deployment-related SE. Thus, this finding should be interpreted with caution until more data is 
available. 
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Since the moderating role of PID in the association between deployment-related SE and SUD has 
barely been investigated so far, the findings of this thesis regarding specific high-risk constellations of 
PID and deployment-SE that were predictive of AUD are novel and have rather preliminary character. 
However, these findings might be fruitful targets for future investigations since they could improve our 
understanding of the relationship between mental disorders, deployment-related SE and SUD.  
 
8.3  Critical discussion of methodology 
 
This chapter provides an overview and critical discussion of advantages and limitations of the methods 
that were used in the studies of this thesis. These should be taken into account when drawing 
conclusions from the findings of this thesis. 
 
Designs 
Two of the four studies presented in this thesis had a cross-sectional design. This allowed the 
investigation of global associations in a relatively large sample. Moreover, the assessment of a never 
deployed control group was a noteworthy advantage over most previous studies. However, the cross-
sectional design allowed no conclusions about temporal sequence. One possibility to establish a 
temporal sequence in cross-sectional studies is the retrospective assessment of age of onsets 
(Knäuper, Cannell, Schwarz, Bruce, & Kessler, 1999). However this option was not used in this thesis 
either because temporal sequence was not part of the research question or because it was not 
feasible due to small case numbers which did not provide sufficient statistical power when strict 
temporality was established. In conclusion, findings of this thesis obtained from cross-sectional studies 
allow no final evaluation of the role of associated variables. 
To address the shortcomings of cross-sectional designs which were used in studies I and III of this 
thesis as well as in many previous studies on the association between deployment-related SE and SU 
(Verrall et al., 2011), prospective-longitudinal designs were also included in this thesis. They allowed 
the investigation of risk factors and moderators which was a large improvement over previous 
retrospective studies. However, there are still some limitations. Since prospective-longitudinal studies 
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are much more costly and logistically challenging compared to cross-sectional studies, the sample 
size was rather limited. Moreover, attrition over the follow-up period further reduced the sample size. 
Although baseline characteristics did not predict participation at follow-up (see Chapter 7.4), attrition 
could still have led to selective dropouts since there might have been other systematic influences (e.g. 
acute mental illness) that might have led to non-participation. Moreover, a limited sample size comes 
along with limited statistical power. Thus, a larger sample might have revealed more or other 
associations than those found in this thesis. Another limitation might be that there were only two time 
points of measurement, one directly prior to and the other twelve months following deployment. As a 
result, the temporality of variables that were assessed following deployment can still not be resolved. 
Although it is unlikely that SUD onset or increase in SU (assessed for the preceding twelve months 
and the follow-up period, respectively) occurred before exposure to deployment-related to SE, this 
possibility cannot be ruled out completely. The problem also affects other factors assessed 
retrospectively following deployment (e.g. psychological symptoms, negative cognitions, lack of social 
support) for which it cannot be determined whether they occurred before or after increases in SU. In 
addition, information was only available for a follow-up period of twelve months. There is evidence that 
changes in mental health indicators (including SU and SUD) have a considerable long-term variability 
(Cerda, Vlahov, Tracy, & Galea, 2008; Reijnen, Rademaker, Vermetten, & Geuze, 2014) which could 
not be taken into account in this thesis. It could also not be considered that SU and SUD cannot only 
be affected by SE and mental disorders but that there is also a feedback loop were SU is related to an 
increased risk for SE and mental disorders (Keyes et al., 2011, Lijffijt et al., 2014). To investigate this 
dynamic process, multiple time points of measurement would also be necessary. 
 
Samples 
The deployed sample of the cross-sectional study of this thesis is representative for about 10000 
soldiers from two large contingents which is a major advantage over convenience samples. A further 
major advantage of this study was the assessment of a comparable never deployed control sample 
which is lacking in most previous studies. However, even the thorough weighting procedure that was 
used to assure representativeness and comparability of deployed and never deployed samples could 
only take into account a limited number of sociodempgrafic and military characteristics (see Chapter 
4.3.3 and Wittchen, Schönfeld, Thurau, et al., 2012). Thus, for other variables (e.g. personality, 
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cognition) that might be related to SU and SUD (Dalley, Everitt, & Robbins, 2011; Sher, Bartholow, & 
Wood, 2000), representativeness and comparability cannot be assured. While the sample of the cross-
sectional study was representative for a larger population, this was not the case for the prospective 
longitudinal study and generalizations of findings have to be done with caution. 
An important limitation concerns the generalizability of findings to other nations. Rates of SUD and 
illegal SU found in this thesis were considerably lower compared to international studies (Bray et al., 
2010; Iversen et al., 2009; Riddle et al., 2007) and also somewhat lower compared to prevalence rates 
in the German male general population (Jacobi et al., 2014, Trautmann et al., in preparation), 
independent from deployment experience. Deployed individuals also revealed lower rates and severity 
of deployment-related SE compared to previous US and UK studies (Miliken et al., 2007; Fear et al., 
2010; Vogt et al., 2005; Wittchen et al., 2012). Thus, it remains unclear whether the found associations 
also apply to nations with a higher basic prevalence of SU and SUD and a higher exposure to 
deployment-related SE. This also applies for the prevalence of PTSD symptoms and observed 
associations with SUD. Since there is considerable evidence for gender differences regarding the 
impact of deployment-related SE (Crum-Cianflone & Jacobson, 2014; Vogt et al., 2005), it is also 
unclear whether findings of this thesis apply to female soldiers who were underrepresented. 
 
Assessment 
The M-CIDI, a fully standardized diagnostic interview was the core study instrument of this thesis to 
obtain diagnosis for SUD and other mental disorders. Structured interviews usually show a higher 
accuracy in diagnosing mental disorders according to the DSM-IV criteria compared to questionnaires 
and screening instruments (Decaluwe & Braet, 2004;Tenney et al., 2003) and the M-CIDI has good 
psychometric properties (Lachner et al., 1998, Reed et al., 1998, Wittchen et al., 1998). Another 
advantage of this particular instrument is the inclusion of symptom descriptions and visual aids to 
facilitate the accuracy of responses. This applies particularly for the alcohol use section since 
illustrations of alcoholic beverages were used for the assessment of consumption amounts. Although 
this standardized instrument was used across all studies included in this thesis, the overall low case 
numbers and the restricted sample size in the prospective longitudinal studies necessitated the use of 
additional dimensional measures of mental disorder symptoms. Although most of these intruments are 
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well established (e.g. PCL-C for measuring the severity of PTSD symptoms), they do not always 
represent the gold standard of measuring symptomatology. Moreover, some of the used instruments 
were not standard (e.g. number of close ones as measure of social support) or consisted of items 
taken from other instruments (e.g. items from the IPSI and the PTCI for measuring negative post-event 
cognitions). Although this procedure seems appropriate for the purposes of the studies, validity and 
comparability with other studies might be restricted with regard to these measures. 
Beyond the use of a standardized instrument, this thesis tried to ensure a high comparability of 
definitions of SU, SUD and other mental disorders. However, the high variability in definitions and 
instruments across studies might still limit the comparability of the findings of this thesis with other 
studies which should be taken into account. Another limitation regarding the definition of constructs is 
that diagnoses obtained from the interview had to be aggregated to ensure sufficient case number for 
meaningful statistical analysis (e.g. anxiety disorders). Since associations might vary within a category 
of mental disorders (Pasche et al., 2012), effects of specific diagnosis might have been disguised. 
With regard to the assessment of deployment-related SE, there might be a confounding with other 
military and non-military SE that were not considered in this thesis. These SE might also have 
contributed to the risk for SU and SUD or might have interacted with the deployment-related SE that 
were examined. This might have had an influence on the observed associations.  
 
8.4  Practical implications 
 
Although more research is needed to evaluate the findings and their interpretation suggested above, 
they might have some implications that are discussed in this Chapter. 
These findings suggest that deployment and deployment-related SE are not necessarily related to SU 
and SUD and that many additional factors (e.g. type of SE, prior mental disorders, individual risk 
factors factors) have to be considered. Thus, available resources in both research and supply of health 
care should be focused on the identification of high-risk individuals instead of treating all deployed 
soldiers as a high-risk group for excessive SU and SUD. This might lead to more targeted 
interventions and improve their effectiveness. 
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This thesis found some factors that might be related to increases in SU and SUD following deployment 
and might therefore help to identify individuals with increased health care needs. Moreover, many of 
these factors are modifiable and might be promising targets for interventions and preventive efforts. 
For example, specific interventions and modules already exist for the modification of negative 
cognitions and the support of acceptance (Ehlers, Clark, Hackmann, McManus, & Fennell, 2005; 
Hayes, Luoma, Bond, Masuda, & Lillis, 2006) and could be included in early interventions. Moreover, 
the promotion of social support on different levels (family, social network, unit cohesion) might also 
prevent increases in SU and SUD. Beyond the prevention and early treatment of increases in SU, the 
findings of this thesis tentatively suggest that it might be possible to promote decreases in SU, at least 
for alcohol use. This might be achieved by promoting resilience and by supporting positive reactions 
following deployment, for example by encouraging a sense of responsibility and by highlighting 
personal strengths and achievements. However, more empirical data is needed here. 
Among factors that might be associated with deployment-related increases in SU and SUD, this thesis 
laid special emphasis on the role of other mental disorders. Indeed, there was evidence for 
associations between mental disorders and several measures SU and SUD in relation to deployment 
and deployment-related SE in all four studies of this thesis. Thus, the early detection and treatment of 
other mental disorders might be a promising target to prevent increases of SU and the development of 
secondary SUD. This is important since the comorbidity of SUD and other mental disorders is related 
to greater impairments and poorer treatment outcomes compared to each of these disorders alone 
(Henriksen et al., 2014; Ruglass et al., 2014; Salom et al., 2014). There was further evidence that 
some constellations of other mental disorders might be particularly relevant. For example, several 
PTSD symptoms were related to SUD beyond other mental disorders which could indicate that 
soldiers showing these symptoms following deployment might be at higher risk for SUD. For the risk of 
ND, this might be particularly the case for emotional numbing and re-experiencing symptoms. Thus, 
these symptoms should be carefully assessed in routine screenings and in the contxt of treatments. 
This might also apply for sleeping problems after deployment since they were related to increases in 
alcohol use. 
In addition to mental disorders following deployment, this thesis showed that individuals with prior 
internalizing disorders might be at higher risk for AUD when they are exposed to high degrees of 
speficic deployment-related SE. Although this observation also needs further investigation, the 
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effective identification of pre-existing mental disorders might further help to reduce the risk for 
deployment-related AUD in different ways. On the one hand, treatment and counseling interventions 
aiming at reducing critical patterns of prior psychopathology and associated deficits (e.g. emotion 
regulation, coping skills) as well as individual preparation might reduce the risk for AUD when applied 
before or shortly after deployment, particularly in individuals with a high risk for critical deployment-
related SE. On the other hand, knowledge on high-risk patterns of prior mental disorders might be 
used to improve selection mechanisms. However, it should be noted that a selection based on prior 
psychopathology might have adverse effects as well (Greenberg, Wessely, & Wykes, 2015; 
Zimmermann, Schäfer, & Trautmann, 2014) and might only be an inferior option. Overall, the apparent 
importance of mental disorders, both prior to and following deployment, for the risk of increased 
alcohol use and AUD stresses the need for rigorous mental health screening measures since mental 
disorder are insufficiently recognized in military routine assessments so far (Wittchen et al., 2012). 
Although studies in the UK military show that screening prior to deployment does only poorly predict 
the development of PTSD (Rona et al., 2006), this might not apply to the risk for AUD, especially if 
interactions with specific SE are considered.  
 
8.5  Directions for future research 
 
Most importantly, future investigations should employ rigorous prospective designs with multiple time 
points of measurement to establish the temporal sequence of deployment-related SE and SU 
outcomes and to be able to determine risk factors, mediators and moderators. It is also important to 
investigate the relative contributions and interactions of variables that were shown to be related to the 
risk for increased SU and SUD in this thesis. There is need for investigations in specific subgroups 
such as female soldiers, specific age cohorts and individuals with previous deployments to evaluate 
the generalizability of findings. This requires sufficiently large sample sizes to be able to detect effects 
considering the broad range potentially relevant variables and stratifications. Finally, the suggested 
findings need to be replicated for other substances (e.g. increases in cigarette use, illegal drug use 
disorders) and across different assessment methods and definitions (e.g. measures of 
psychopathology, social support). Investigations considering these aspects would allow the evaluation 
of the promising findings of his thesis and their value for the improvement of interventions. 
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To further elucidate the relationship between deployment-related SE and SU, it might also be fruitful to 
extend the methods and research questions of this thesis based on the suggested findings. For 
example, future studies might want to investigate which aspects of deployment-related SE contribute 
to the risk for SU and SUD (e.g. severity, unexpectedness, chronicity) (Keyes et al., 2011) and how 
these aspects interact with individuals variables (e.g. stress reactivity, cognitive appraisal, personality) 
Lararus & Folkman, 1984; Lijffijt et al., 2014). Moreover, deployment-related SE might interact with the 
experience of other non-military SE (e.g. life events, partnership problems) (Browne et al., 2007; 
Mehlum, Koldsland, & Loeb, 2006) which should be taken into account. This applies also for adverse 
childhood experiences since they were shown to be related to an increased risk for SUD after 
exposure to SE in later life (Keyes et al., 2014). Another important target might be the exploration of 
different trajectories of SU. These trajectories seem to be more appropriate to reflect the complex 
relationship between deployment-related SE, SU and SUD than the sole focus on adverse SU 
outcomes. The identification of predictors, mediators and moderators that are involved in differential 
pathways of either progression to excessive SU and SUD or reduction in SU might improve individual 
risk appraisals and improve the targeted allocation of interventions. These studies could be built on the 
factors that were related to deployment-related increase or decrease of alcohol use in this thesis. 
Beyond these factors, there are other variables such as personality factors (e.g. neuroticism), 
spirituality (e.g. religiosity) and environmental factors (e.g. availability of substances, social norms) 
which were already shown to be related to either SU risk or variability in other mental health outcomes 
following SE to SU (Hoffman & Kruczek, 2011; Hasin & Keyes, 2011; Kendler, Gardner, & Prescott, 
2011; Masten, 2007; McLeod et al., 2001; Spanagel et al., 2014) and which could be targeted in 
interventions. It should be noted that studies on trajectories require sophisticated statistical methods 
such as structural equation modeling (including latent growth modeling) (Goldberger, 1972) and 
multiple bias modeling (Greenland, 2005). These models become more complicated if the fact that SU 
might also affect the risk for deployment-related SE and the potential mediating and moderating 
variables suggested above (Keyes et al., 2011; Lijffijt et al., 2014) is considered. Such feedback loops 
can only be taken into account with dynamic system models (Yu, Li, & Scribner, 2009) and G-
estimation methods (Robins, 1992) which have not yet been used in the context of SE and SU. 
Beyond the context of military deployment, future studies might also want to apply the suggested 
findings on non-military samples and SE. Other samples should include high risk populations other 
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than deployed military personnel (e.g. fire fighters, rescue services) as well as unselected general 
population samples to evaluate the generalizability of findings of this thesis. 
Finally, further reseach is needed to identify the underlying mechanisms of the suggested 
associations. This thesis aimed at investigating different aspects in the relationship between SE and 
SU from an epidemiological perspective which is useful to generate knowledge about variables that 
might be involved in this association (Ahrens & Pigeot, 2014). For a deeper understanding of 
interactions between the involved variables as well as potential causal influences and involved 
processes, further methodological approaches are necessary. Ecological momentary assessments are 
useful to investigate temporal contingencies of processes in a natural setting (e.g. experience of 
psychological symptoms and SU) (Possemato et al., 2012). Experimental designs are needed to test 
potential causal mechanisms underlying the association between SE and SU (e.g. change in 
motivational mechanisms and sensitization) (Field & Quigley, 2009). Moreover, studies have shown 
that variations in genes (e.g. CRHR1 polymorphism) moderates the association between SE and SU 
(Copeland, Magnusson, Goransson, & Heilig, 2011; McLeod et al., 2001) which underlines the 
necessity to take genetic analyses into account as well. Finally, preclinical animal studies offer 
possibilities to investigate basal neural and molecular mechanisms which might underlie specific 
associations (e.g. distress and motivation for SU) within the relationship between SE and SU 
(Spanagel et al., 2014). This translational methodological approach might be most fruitful to 
understand the complex relationship between SE and SU. 
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9 Conclusion 
 
Investigating German soldiers deployed to Afghanistan, this thesis found little evidence for an overall 
association between deployment and the risk for increased SU and SUD. There were even indications 
for a deployment-related decrease in alcohol consumption in some individuals. However, there might 
still be subgroups that are at risk for increased in alcohol use and the onset of AUD and ND after 
military deployment. These subgroups might include soldiers with low ranks, low social support and 
other mental disorders, of which several PTSD symptoms could be particularly relevant. In addition, 
soldiers who experienced mood and anxiety disorders prior to deployment might be more vulnerable 
for the onset of AUD after experience of specific deployment-related SE. Although more prospective 
studies are nessecary to replicate and extend the findings of this thesis, they might contribute to an 
improved identification of soldiers who are at risk for increased SU and SUD following deployment and 
suggest targets for possible interventions and preventive measures. Future studies might also build on 
these findings to investigate underlying mechanisms and to contribute to an improved understanding 
of the association between SE and SUD in general. 
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